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In summer and winter feeding and digestion trials, 124 cross­
bred gilts were randomly allotted to six rations to study the 
energy and protein requirements of pregnant gilts. Test rations 
were based on corn and soybean meal fortified with minerals and 
vitamins. Energy levels were controlled by daily intake and 
protein level was based on daily intake. Three energy levels 
providing low, medium and high energy intakes of about 4363, 5800 
and 7415 kcal. DE/day with two levels of protein each at approxi­
mately 191 and 402 gm. DP/day made up the 6 ration treatments.
The criteria used to evaluate energy and protein require­
ments of gravid gilts included energy and protein digestion 
coefficients, reproductive performance and sow body composition 
and carcass characteristics. Data in the digestion trial were 
statistically analyzed as a split-plot arrangement of treatments 
in a completely randomized design with a 2 x 3 x 2 factorial 
arrangement as the whole plot. Two seasons during which three 
levels of energy intake containing two protein levels each 
constituted the whole plot, while two periods of pregnancy at 
75 days and 105 days were the split-plot. The reproductive 
performance data were analyzed as a completely randomized design 
with a 2 x 3 x 2 x 3  factorial arrangement of treatments. Body 
composition data were analyzed as a completely randomized design 
with a 2 x 3 x 2 x 2  factorial arrangement of treatments.
Analyses of data in the digestibility study show that there
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was no significant seasonal effects on digestion coefficients.
However, several first order and second order interactions, involving 
season x energy and protein level were significant. At low energy 
intake levels during the winter;, energy and protein digestibility 
tended to increase. High energy intake caused a significant 
increase in energy digestion coefficients as compared to low and 
medium energy intakes. There was no significant effect on energy 
digestibility between the low and medium energy intakes. There 
was a highly significant decrease in the protein digestion coeffi­
cients as energy intake increased. Protein intake level did not 
significantly affect energy digestion coefficients, but it did 
cause a highly significant increase in protein digestion coeffi­
cients as protein intake increased. Period of pregnancy (75 days 
vs. 105 days postcoitum) did not significantly influence energy or 
protein digestion coefficients.
Reproductive performance was not significantly affected by 
level of energy or protein intake. However, there was a significant 
increase in gilt reproductive gain in summer as compared to winter. 
This gain was shown to be due to a significant increase in pig 
weights in the summer trial as compared to the winter trial. Also, 
there was a consistent tendency for increased level of protein to 
increase litter size at farrowing and weaning, but pig weights were 
not affected.
There was a highly significant effect of energy intake on total 
gilt gain and maternal gain, while reproductive gain was significantly
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influenced. Level of protein intake significantly influenced 
maternal gain but did not significantly affect other gilt gain 
criteria. As expected, period of pregnancy had a highly signifi­
cant effect on all gilt gains as well as fetal and baby pig gains. 
The most important interactions showed that season x energy 
significantly influenced reproductive gains while season x protein 
significantly influenced maternal gains. Also, the energy x 
protein interaction showed a highly significant effect on reprod­
uctive gain.
There was a highly significant increase in fat deposition as 
energy intake increased. Percent protein in the ham tended to 
increase with increased protein intake. At the low energy intake 
level, there was also a sizeable increase in percent ham protein 
during summer v£. winter.
S'
INTRODUCTION
In the past few years, considerable controversy has arisen 
concerning the accuracy of the recommended levels of energy and 
protein for gestating swine. Many reports indicate that a 
relatively low daily feed intake (about 1.36 kg. per pig per day) 
provides satisfactory reproductive performance for swine. On the 
other hand, there are many reports which Indicate that high feed 
intakes (about 2.27 to 2.72 kg. per head per day) more adequately 
supply the nutritive needs of gestating swine. It is obvious that 
there must be a range in the requirements for gestating swine, 
especially, when different feed ingredients are used in formulating 
rations to supply these nutrients.
The range in requirements for energy and protein of pregnant 
gilts depends on many factors, both genetically and environmentally 
controlled. An optimum plane of nutrition with specific energy to 
protein ratios for one group of swine may not be optimum for 
another group of similar weight and age, depending upon breed, 
type, source of nutrient and managerial practices employed. Major 
sources of variation in the nutritive requirements of gestating 
swine include:
1. Breed and type of swine.
2. Genetic potential of the individual in regards to:





3. Age and weight.
M-. Stage of gestation.
5. Managerial practices, including:
a . Shelter
b. Drylot or pasture habitant
c. Source and digestibility of nutrients
d. Sanitation
e . Number and time of feedings
6.. Previous plane of nutrition.
7. General health of the animal.




The primary objectives of this study were: 1) to determine
the optimum energy and protein requirements for gestating gilts 
with rations based on corn and soybean meal, with special emphasis 
on interactions which might produce synergistic effects on re­
productive ability, sow body composition and ration digestibility; 
2) to study the relationship of energy to protein as measured by 
utilization and reproductive performance of gilts during gestation 
and lactation; and 3) to study the effects of varying levels of 
energy and protein on body composition of pregnant gilts.
REVIEW OF LITERATURE
Although many researchers have presented work either directly 
or indirectly concerned with the plane of nutrition for gestating 
swine, the specific requirements as associated with economic 
efficiency and overall reproductive performance have not been 
thoroughly investigated. It is an accepted fact, documented by 
many research reports,that reproductive performance is seldom 
influenced to a significant degree by nutrient deficiencies. It 
has been said that within the range of quality and quantity of 
feedstuffs normally consumed, the pregnant sow effectively buffers 
her offspring, both before and after birth, against nutritional 
inadequacy. Energy restriction is usually the major deficiency 
encountered during gestation and this, in turn, could lead to 
inadequacy of specific nutrients in the diet.
Friedman and Turner (1939) and Reid (19M-9) concluded that the 
quantitative and qualitative requirements for reproduction do not 
exceed those for growth of young animals or those for maintenance 
of mature animals. This generality was, undoubtedly, based on the 
knowledge that wide ranges of nutrient intake during gestation did 
not significantly alter reproductive performance from normal 
averages. Rippel (1967) said that neither the quantitative nor 
the qualitative nutrient requirements of gravid swine have been as 
thoroughly investigated as those of the very young or growing pig.
In fact, direct support for the nutrient recommendations found in 
the literature is fragmentary. Most recommendations have been 
extrapolated from data obtained with growing and finishing pigs.
It was pointed out during the swine symposia at the National 
Meeting of the American Society of Animal Science held at Purdue 
University in July, 1969, that the normal criteria used in deter­
mining the nutrient requirements of pregnant sows could no longer 
be limited to reproductive performance alone, and nutrient 
requirements definitely could not be extrapolated from data of 
growing-finishing pigs. Nor can it be assumed that the requirement 
for maintenance of the mature hog will adequately supply the nutrients 
necessary to maintain reproduction at the most optimum level.
Pregnancy requirements must be based on reproductive performance, 




Energy intake may be regulated and measured in terms of daily 
feed intake which contains specific levels of energy and protein 
as required by stage of pregnancy and developing fetuses. Bowland 
(1967) pointed out that to determine the efficiency of the sow in 
conversion of energy, it is necessary to know the quantity of 
digestible or metabolizable energy consumed, the quantity of energy 
in the milk produced and the nature of any gain or loss of body 
weight of the sow and of her litter from conception to weaning.
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Overall energetic efficiency of pig production is dependent on the 
efficiency with which the sow is able to produce and raise pigs to 
weaning age. This includes, in addition to lactation , gestation 
and the period from weaning to mating; therefore, efficiency should 
be considered in relation to the overall reproductive cycle.
Bowland (1967) said that "At the commencement of a reproduc­
tive cycle the body tissues of the sow contain a certain amount of 
energy. During gestation a litter is nurtured and grows and the 
sow usually gains weight, partly by the normal process of growth 
and partly by the fat deposition in the case of younger animals, 
and mainly by the deposition of fat stores in the case of older 
animals. At the end of gestation the total energy recovery consists 
of the energy content of the litter plus the increase in the 
energy content of the tissues of the sow between mating and 
parturition. Similarly, the end products of lactation consist of 
the increase in the energy content of the litter between birth and 
weaning and the difference in the energy content of the sow at the 
beginning and end of the same period, while the energy outcome of 
the whole cycle is the energy content of the weaned litter plus 
the difference in the energy content of the sow between mating and 
weaning.11
In this review, Bowland (1967) suggested that a system of 
feeding that attempts to maintain the true weight (total energy 
content of the body) of sows during lactation and to allow no gain 
in weight above that accounted for by the fetuses- and fetal 
membranes during gestation would allow the maximum energetic
6
efficiency. Changes in water balance during lactation and gestation 
and possible changes in fat-muscle ratios during these periods 
must not be confused with energy maintenance. For gilts, and 
possibly for second litter sows, an energy allowance for normal 
growth would also be required. In order for maintenance require­
ments to be lowered, relatively low mature weights would be 
desirable. Direct energy conversion by the young pig by allowing 
it to eat as soon as possible should also be encouraged as an aid 
to total energetic efficiency.
Although there are no recent, specific research reports 
available dealing principally with the energetic efficiency as 
described by Bowland (1967), there are numerous reports on energy 
effects as associated with ovulation rate, sow body weight gain, 
litter size, average birth weight, nutrient effects on the sow in 
lactation, number of pigs weaned and average weaning weight. How­
ever, there is still a lack of information in the literature on 
nutrient influence during gestation on sow and fetus body 
composition, digestibility as Influenced by stage of pregnancy and 
carry-over effects through lactation and subsequent reproductive 
cycles.
Carry-over Effects of Gestation Rations on Energy
During the past two decades, increased emphasis has been 
placed on reducing energy intakes of gravid swine. Objectives have 
been to reduce embryo mortality immediately postcoitum, improve 
efficiency of reproduction and increase longevity of the sow in the
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breeding herd. Several investigators (Self et al., 1960; Dean and 
Tribble, 1961; Stothers, 1962; Frobish et al., 1966; Lodge et al., 
1966) have reported that restriction to as little as 1.36 kg. 
feed per head daily did not reduce number of live pigs per litter 
when compared to daily intakes of up to 2.72 kilograms. On the 
other hand, Henson et al. (1955) Clawson et al. (1963), Hanson 
et al. (1964) and Lodge et al. (1966) found a reduction in birth- 
weight of pigs due to restriction of dietary energy fed to the 
gravid female. In contrast, Self et al. (I960), Stothers (1962) 
and Frobish el: al. (1966) reported no effect of level of energy 
intake during gestation on birth and weaning weights of pigs. 
However, Chow (196M-) and Chow and Lee (1969) found that restriction 
of gravid rats to 50% of ad libitum feed intake not only caused a 
reduction in birthweights of offspring but exerted a deleterious 
effect that persisted throughout the growth period so that the 
offspring weighed less at maturity than the offspring from dams 
fed ad libitum.
There is not good agreement among investigators on the effect 
of gestation treatment on weaning weights or gain and feed effici­
ency of finishing pigs. Generally, those demonstrating a reduction 
in birthweight due to restriction of feed intake by the dam during 
pregnancy have reported a reduction in weaning weight (McKenzie, 
1928; Vestal, 1936; Weaver and Bogart, 1943; Winters et al., 1947; 
Lodge and McDonald, 1959; Lodge et al., 1961). In contrast, those 
workers not observing a reduction in birthweights due to restric­
tion of energy intake during gestating usually have reported no
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significant effect of gestation treatment on weaning weight of the 
offspring (Self et al., 1960; Stothers, 1962; Bowland, 1964a,b; 
Frobish et al., Omtvedt, 1966).
The reports of Frape et al. (1959) , Blair (1961), Boaz and 
Elsley (1962) , Meade el: al. (1966b) , and Vermedahl et al. (1969) 
suggest that there is little carry-over effect of gestation 
treatment, including possible stunting of the pigs, on rate and 
efficiency of gain subsequent to 8 weeks of age. Other investi­
gators have reported that a reduction in gain during early life, 
by dietary treatment, results in increased rate of gain and 
decreased feed to gain rates during the growing period subsequent 
to about 22.7 kg. (Elsley, 1963; Nielsen, 1964; Vanschoubrock 
et al., 1965). Vermedahl et al. (1969) reported that treatment of 
the dam during gestation did not significantly affect gains of 
offspring during the period from 21 days of age to 22.7 kilograms. 
This is in contrast to the findings of Teter and Hanson (1959) 
and Lodge and McDonald (1959) who concluded that differences of 
0.45 kg. in average weight at 21 days would result in a difference 
of more than 1.0 kg. in 56-day weight.
Vermedahl et al. (1969) reported that a difference of 0.8 kg. 
in 21-day weight apparently did not affect 56-day weight, because 
gains of pigs were essentially equal during the growing period 
subsequent to 21 days regardless of treatment of dam during 
gestation. However, a decrease in the feed to gain ratio from 21 
days of age to a weight of about 22.7 kg. for pigs from dams fed 
the lower energy level during gestation was highly significant.
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Also, even though daily gains were essentially equal from weaning 
to about 22.7 kg., it took an average of 1.7 days longer for pigs 
from gilts fed the lower intake during gestation to reach the 22.7 
kg. weight. It was suggested that this longer growing period from 
weaning to 22.7 kg. could possibly be due to the lighter weight at 
weaning (about 0.8 kg.) of pigs from gilts on the lower feed intake 
during gestation; or, it would be the result of lack of mammary 
development so that milk composition during lactation of gilts fed 
the lower energy level during pregnancy was of lesser nutritional 
value than milk from gilts that received the higher energy level 
during pregnancy. However, it would appear that the first sugges­
tion would be more applicable, since it is more likely that mammary 
development and change in milk composition would be more directly 
influenced by protein quality and quantity.
Vermedahl £?t al. (1969) reported that feeding 1.36 kg. vs.
2.27 kg. of rations based on corn-soybean meal per gilt daily
during gestation resulted in significant reductions in daily gains, 
%
condition of gilts at farrowing, total pigs farrowed per litter 
and birthweight of offspring. However, number of live pigs per 
litter and vigor of pigs at birth were not significantly affected 
by feeding level during gestation. The lower level of feed during 
pregnancy caused significant reduction in weight at 21 days, but 
improved feed efficiency.
Level of feed intake of the dam during pregnancy did not 
significantly affect rate of gain during the growing period 
subsequent to 21 days, or the feed.efficiency of the growing pigs 
subsequent to 22.7 kg. of body weight. Also, dressing percent,
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size of 1. dorsi, percent ham and loin and percentages of dry 
matter, protein and ether extract of the lean tissue of the market 
hogs from gilts on 1.36 kg. and 2.27 kg. of daily intake were hot 
significantly affected. However, backfat thickness was signifi­
cantly increased in offspring from gilts fed 1.36 kg. of feed 
daily during pregnancy.
Limit feeding sows based on body weight vs. ad. libitum 
feeding during a 21-day lactation resulted in a significant 
decrease in feed consumption, which was accompanied by increased 
weight losses of gilts that were limit fed during pregnancy. Gilts 
fed 1.36 kg. of feed daily during pregnancy lost significantly 
less weight during lactation than gilts fed 2.27 kg. daily. Also, 
gilts that received the lesser amount of feed during pregnancy 
consumed more feed when fed ad. libitum during lactation.
Vermedahl et al. (1969) concluded that feed intake of sows during 
lactation did not influence weaning weight of pigs, rate and 
efficiency of gain subsequent to weaning, carcass length, backfat 
thickness, loin-eye area, percent ham and loin, or percentages of 
dry matter, protein and ether extract in the lean tissue of market 
hogs.
Influence of Gilt Age and Physical Condition on Reproduction
In considering the energy and protein requirements of pregnant 
swine, it Is not only Important to consider reproductive perfor­
mance, sow and pig body composition, pregnancy influence on 
digestibility, and carry-over effects within and between generations.
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but It is also important to consider the breeding animalTs physical 
condition as related to nutrient influence on puberty, age and 
weight at breeding, and the relationship of gestation length to 
litter size and pig birth weight. Omtvedt, et al. (1965) reported 
that the correlation of gestation length with the number of pigs 
farrowed per litter, litter birth weight and pig birth weight was 
highly significant. An increase in age of gilts at breeding re­
sulted in highly significant increases in litter size, average pig 
weight, and litter weight. However, the association of age at 
breeding with litter size and weight was primarily a result of 
older gilts being heavier at breeding. An increase in weight at 
breeding resulted in a highly significant increase in litter size 
and litter weight, while gestation gain was negatively correlated 
with litter size. Average pig weight was positively correlated 
with gestation gains, but this relation was reduced when litter 
size was held constant. Litter size was closely associated with 
litter weight, and individual pig weight decreased as litter size 
increased.
Full feeding or high-energy intake in swine has usually led to 
a younger age but heavier weight at puberty (Haines et al., 1959; 
Zimmerman et al., 1960; Sorensen et al., 1961). 0TBannon, et al. 
(1966) reported that gilts fed a typical high-energy diet composed 
of corn-soybean meal reached puberty at an average age of 199- days 
and an average weight of 102 kg. Gilts fed a low-energy diet, which 
included 90% ground snapped corn and 9% ground corn cobs, reached 
puberty at an average age of 200 days and an average weight of 91 kg.
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Effect of Number fs) and Time {s') of Feeding on Gilt Reproduction
Another important factor in determining the energy requirements 
of gravid swine is the consideration of the managerial practices 
associated with frequency of feeding. Svajyr and Zimmerman (1967) 
studied the effects of interval vs. daily feeding on reproductive 
performance of sows. They found that there were no apparent 
deviations from the normal reproductive performance as measured 
by daily feed intake, average daily gain during pregnancy, percent 
farrowed, litter size alive, birth weight, number of pigs weaned 
and average weaning weight. In .this study, controls were fed 1.82 
kg. per head per day of a conventional 15 percent protein com- 
soybean meal ration. Two time periods at 72 hour intervals 
consisted of self-feeding for 2 hours and 1 1/2 hours, respectively. 
The results of this study are questionable due to the level of 
intake used to test once-a-day feeding vs. interval feeding at 
72-hour intervals.
Ray and McCarty (1965) tested the effect of temporary fasting 
on reproduction in gilts where gilts were bred and assigned to 
treatments of 0, 2*4-, 48 and 72 hours off feed after mating.
Analysis of the data showed that ovulation rate was slightly lower 
in gilts from which feed was withheld, but the difference was not 
significant. Embryo survival rate was higher in fasted gilts 
than in controls in a winter trial, but differences were not 
significant in a spring trial.
Baker et al. (1968) reported on feed restriction of gilts 
during gestation where daily intakes were 0.9, 1.4, 1.9, 2.4, and
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3.0 kg. per day of a 16 percent protein corn-soybean meal diet.
They reported that farrowing percent was significantly less for 
gilts fed 0.9 kg. than gilts receiving larger intakes. Farrowing 
percent was also significantly reduced for purebred gilts vs. 
crossbred gilts. Gestation diet did not affect number of pigs 
farrowed or weaned, but crossbred gilts farrowed and weaned more 
pigs than purebred gilts. Increases in birth weights and weaning 
weight of pigs were highly significant as gestation dietary intake 
increased up to 1.9 kg. where this increase plateaued. Average 
birth weight per pig decreased by 4-3 gm. for each one pig increase 
in litter size, which was highly significant. Highly significant 
differences were found as gestation dietary intake increased. For 
example, weight gain of gilts increased quadratically during 
gestation, but gilt weight decreased linearly during lactation.
Superovulation and Embryonic Mortality in Gilts and Sows
Various sequences of limited and full feeding in reproductive 
studies with swine have suggested that a greater ovulation rate 
occurs in gilts fed a high plane of nutrition prior to mating 
(Robertson et al., 1951; Christian and Nofzeger, 1952; Self et al., 
1955; Zimmerman et al., 1960; Sorensen et al., 1961; McGillivray 
et al., 1962; Rigor et al., 1963; Schultz et al., 1965; 0TBannon 
et al., 1966), while increased energy intake following conception 
increased embryonic mortality (Robertson et al., 1951; Self et al., 
1955, 1960; Hafez, 1958; Gossett and Sorensen, 1959; McGillivray 
et al., 1962; Goode et , 1965) . Wamick £t al. (1951) and
1M-
Squiers et al. (1952) reported that high energy intake at breeding 
increased fertilization rates only slightly.
It has been reported that bred gilts or brood sows maintained 
on a lower plane of nutrition immediately after conception and 
during gestation may result in improved reproductive performance 
compared to a higher plane of nutrition (Christian and Nafziger, 
1952; Dean and Tribble, 1959; Pickett and Beeson, 1962; Clawson 
et al., 1963 McGillivray et al., 1963; Henson at al., 196M-;
Frobish et al., 1966; 0TBannon et al., 1966). However, Salmon- 
Legagneur (1963) reported that the weight and number of pigs at 
parturition were not significantly affected by variation in energy 
level subsequent to breeding and during gestation. Meade et al. 
(1963) concluded that sows or gilts supplied with more energy 
and protein than that required to support normal gain did not 
consistently produce larger litters. O'Bannon et al. (1966) and 
Frobish et al. (1966) reported that low-energy diets favored 
embryo survival and slightly larger litters at farrowing even 
though the differences were not significant. 0TBannon et al.
(1966) pointed out that daily gain of gilts on high-energy during 
gestation was significantly negatively correlated with the nuniber 
of viable embryos.
In contrast to most reports, Mayrose et al. (1966) reported 
that sows fed high-energy levels at breeding farrowed significantly 
heavier pigs than sows fed low-energy levels. However, increasing 
the level of daily intake during the last third of gestation did 
not significantly increase pig birth weight but it did significantly
15
Increase sow gains. Apparently, litter size was reduced by 
increased embryonic mortality due to high energy intake, although 
the decrease in litter size was not significant. The smaller 
litter size could have contributed to Increased litter and pig 
birth weight.
The mechanism responsible for increased ovulation and in­
creased embryonic mortality with increased energy levels has not 
been determined. Basically there are two trends of thought and 
two approaches in the attempts to determine the mechanisms 
Involved. In one approach the researcher Is seeking a solution 
to this problem through nutritional means, while in the other 
approach, researchers are seeking an answer based on the physical 
capacity of the female reproductive tract. Studies dealing with 
ovarian and pituitary gland changes due to varying energy levels 
have established that follicle-stimulating hormone activity (FSH) 
is increased within a few days preceding ovulation In high-energy, 
glucose-fed gilts (Kirkpatrick et al., 1967). However, the 
mechanism or condition responsible for high embryonic death 
associated with high energy is still as much a mystery as It 
always has been. 0TBannon et al. (1966) studied the relationship 
of acid and alkaline phosphatase activity of the endometrium, 
embryos, amniotic fluid and corpora lutea with early embryonic 
survival in gilts. Statistical analyses of this work did not 
reveal any clear relationship between the enzyme activity and 
accompanying reproductive performance when the effect of the diet 
was not considered. However, they reported that the significant
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correlations found within the treatment groups suggest that 
dietary energy level may exert its effect on embryo survival, 
either directly or indirectly through phosphatase enzymes found 
in the reproductive tissues, but the precise manner in which energy 
level exerts its effects is still unknown.
The reproductive physiologist has applied the second approach 
as a means of determining the mechanism involved with increased 
embryonic death that is most generally associated with high-energy 
intake prior to and during breeding. This type of research is 
involved with determining uterine capacity of the dam. Increased 
ovulation has been induced through either increased energy level 
for 10 to 14-days prior to breeding or by the injection of 
gonadotrophins (Tanabe et al., 1949; Gibson et al., 1963; Hunter, 
1964; Longenecker, et al., 1965; Hunter, 1966). Longenecker and 
Day (1968) induced superovulation by the injection of pregnant 
mare’s serum (PMS) prior to the first post-weaning estrus of sows. 
Larger litter size was highly significant in superovulated sows on 
the 25th and 40th day of gestation than in.controls. Sows treated 
with PMS had an average of 2 more pigs per litter at farrowing.
This work showed a highly significant increase in litter size from 
9 to 11 pigs per litter and that the uterus could take and adjust 
for this increase in number of embryos. Also, the plane of 
nutrition used in this work was adequate to support the development 
and growth of 11 pigs per litter in utero. However, embryonic 
loss was at a very high level due to the increased number of ova 
fertilized through superovulation and accounted for at 25 to
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40-days of pregnancy.
Superovulation has been associated with increased embryonic 
death. Litter size of controls and superovulated gilts at term 
remain essentially the same (‘Gibson et al.. 1963; Longenecker 
et al., 1965; Dziuk, 1967; Wood et al., 1967). Hammond (1921) 
suggested that the production of large numbers of ova may outstrip 
the nutrients available to the ovary and thereby lead to atrophy 
of the follicles, newly fertilized ova or partially developed 
embryos. Bazer et al. (1968) presented an explanation for embryo 
death in gilts fed a high energy intake. He concluded that embryos 
from flushed and nonflushed gilts are equally viable and that the 
reduced rate of embryonic survival in gilts on high levels of 
energy intake prior to breeding is due to some uterine factor.
The final conclusion was that the uterus can effectively limit 
litter size and that this limit, called uterine capacity, is not 
greater than that now reflected in the normal litter size of 
gilts. This conclusion, although documented under specific 
managerial conditions, cannot be universally accepted as a final 
answer to embryonic death loss. There still exists too many grey 
areas associated with requirements of energy, and especially 
protein, where pregnant swine are concerned.
Source and Availability of Nutrient
Source and availability of nutrient throughout the reproductive 
cycle is a major concern in determining the energy requirements of 
gravid swine. It has been established and well documented that
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highly fibrous rations are generally of very little value as a 
source of energy for swine, since they are monogastric animals. 
Work by Teague (1955), Seerley and Wahlstrom (1965) and Goode 
et al. (1965) has suggested that the source of energy may alter 
reproductive performance. These workers found that inclusion of 
15 to 50 percent of alfalfa leaf meal in prebreeding and gestating 
diets tended to result in ovulation rates comparable to those of 
high-energy groups, plus an accompanying benefit of decreased 
embryonic death.
Under drylot conditions it is common practice to include from 
10 to 20 percent alfalfa meal or other legume in the sowfs ration. 
Such a practice is designed to insure adequate vitamin intake or 
to make use of some unknown nutritional factors furnished by the 
green forage. Alfalfa in the ration has been reported to increase 
ovulation rate (Teague, 1955), litter size at birth (Hogan and 
Johnson, 19LH; Cunha et al., 19ll4; Fairbanks et al., 19M-5; Teague, 
1955; Seerley and Wahlstrom, 1963a,b) and increase survival of 
pigs to weaning age (Teague, 1955; Seerley and Wahlstrom, 1963a, 
b). These effects suggest that unrecognized nutritional factors, 
which are beneficial to maximum reproductive efficiency in swine, 
may be furnished by alfalfa.
Teague and Grifo (1965), reported that neither the presence of 
ground, sun-cui'ed alfalfa in the ration nor added vitamins in an 
alfalfa-free ration had a significant influence on the number of 
pigs farrowed alive or stillborn, birth weight, or vigor of pigs 
at birth. Danielson (1967) fed a basal diet of corn-oats-soybean
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meal in which alfalfa meal was substituted to supply 33 and 66 
percent alfalfa leaf meal in the diet. Daily intake was varied 
to equalize metabolizable energy intake. There were no apparent 
differences in the general reproductive criteria except the gilts 
on the basal diet weaned about 1.5 more pigs than those containing 
the alfalfa leaf meal. The inclusion of alfalfa leaf meal in the 
diet of gravid swine could possibly add unrecognized growth 
factors to the diet, but the advantage of reduced energy level due 
to increased fiber level could be an explanation of reported 
reproductive increases when alfalfa leaf meal is substituted in a 
standard corn-soybean meal gestation ration for swine. The report 
by Danielson (1967) illustrates this trend of thought since the 
basal ration of corn-oats-soybean meal and the substituted alfalfa 
in the test rations all provided equal intake of metabolizable 
energy and contained about the same fiber levels.
PROTEIN
Background on Establishing Protein Requirements in Pregnant Swine 
According to a report by Moustgaard (1959), the first 
quantitative investigations on the influence of pregnancy on 
metabolism in pigs were performed by Evans (1929)t who carried out 
nitrogen, calcium, and phosphorus balances with pregnant sows. 
Evans (1929) found that, even though the nitrogen balances varied 
considerably, there was on the whole a positive nitrogen balance 
during the entire pregnancy; furthermore, the nitrogen deposition
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was of considerable magnitude, especially during the last 3 or ^ 
weeks before term. On the basis of the balance experiments and a 
rough estimate of the nitrogen content in the fetuses, Evans 
postulated that a considerable nitrogen deposition must have taken 
place in addition to the amount deposited in the uterus and the 
milk gland. Mitchell et al. (1931) did not confirm Evan*s 
postulation. Evans did not attempt to use his results to establish 
or calculate the protein requirement for fetal growth. However, 
Mitchell et al. (1931) undertook a study to determine the minimum 
nutritive requirement for reproduction in pigs.
Mitchell £t al. (1931) used chemical analyses of pregnant 
uteri from gilts which were sacrificed at the 5th and the 16th 
week of pregnancy, in conjunction with nitrogen, calcium, and 
phosphorus balances of additional pregnant gilts, to determine 
the minimum nutritive requirements of pregnant pigs. The chemical 
analyses of the pregnant uteri consisted of crude protein, total 
ash, calcium, phosphorus, iron, and energy content. The nutrient 
balance studies revealed that the content of protein, calcium and 
phosphorus was higher than that calculated from chemical analysis 
of the pregnant uterus. This difference was attributed to the 
extrauterine growth of the gilts. The work by Mitchell et al.
(1931) on the deposition of nutrients in the pregnant uterus 
created the theoretical foundation for an estimate of feed require­
ments for fetal growth in swine. This was further elucidated by 
DeVilliers ejt al. (1958) who determined the nutrient content of 
pregnant uteri from normally fed gilts. The gilts were killed
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from the 6th to 16th week of pregnancy.
Moustgaard (1959) used the results of both Mitchell et al.
(1931) and DeVilliers et al. (1958) and after adjusting the number 
of fetuses to 10 for both experiments, obtained results indicating 
intrauterine deposits of nitrogen, energy, calcium, phosphorus and 
iron during pregnancy. The results obtained by Moustgaard (1959) 
indicated very close agreement between the American (Mitchell 
et al., 1931) and Danish (DeVilliers et al., 1958) experiments. 
Results reported by Moustgaard (1959) indicated that the amount of 
nitrogen in the pregnant uterus apparently increases daily by 3.1 
percent; but, to be able to give the total deposition of nitrogen 
during pregnancy, one must include the deposition in the milk 
glands. Moustgaard (1959) concluded that if one assumes that the 
true digestible protein in the feed has a biological value of about 
60, the true digestible protein requirement for fetal growth of 
10 fetuses per litter ranges from 10 gm. at 4-0-days after conception 
to 175 gm. at term. However, to this should be added the protein 
requirement for maintenance and, in the case of gilts, for growth. 
Both in gilts and sows the requirement for digestible protein 
daily is about 200 grams for maintenance. This then would indicate 
that the requirement for true digestible protein for pregnant 
swine would range from 200 gm. at conception to 375 gm. at 
parturition.
Effect of Inadequate Supply of Protein in the Diet
The importance of an adequate protein intake in maintaining
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normal pregnancy is generally recognized, although the pathogenesis 
of the harmful effect of protein deficiency during pregnancy is 
incompletely understood. The effect of an insufficent protein 
supply on the fetal development is determined not only by the 
degree of insufficiency but also by the time during pregnancy 
when it is in evidence. If pregnant rats are fed a diet contain­
ing 5 percent, or less, of protein from day of mating, this will 
lead to a high embryonic death rate, poor development of the 
mammary glands, and depletion of the protein reserves of the dam, 
including a great fall 'in the protein content of the serum 
(Curtiss, 1953; Nelson and Evans, 1953). The offspring are 
markedly underweight, but otherwise normal. If the protein 
deficiency is not in evidence until after the 7th or 8th day of 
pregnancy, the embryonic death rate will be only slightly in­
creased, but birth weights of offspring are greatly reduced.
In pregnant sows and gilts, a lowered protein supply during 
pregnancy also results in a lower birth weight, a higher percent­
age of stillbirths, lower viability, and less udder development 
and milk production (Davidson, 1930; Evvard, 191*1; Hanson, et al. 
1953). If the protein deficiency is not too pronounced, so that 
the requirement of the fetuses is covered by mobilization of the 
protein reserves of the maternal animal, the birth weight and 
viability of the offspring will not be appreciably reduced; 
nevertheless, this condition causes weakening of the mother, a 
lowered milk production, and also a lowered growth rate of the 
suckling pigs. On the other hand, an excessively high protein
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supply during pregnancy seems to increase the embryonic death rate 
in pigs (Self et al., 1955) .
If a pregnant animal is fed a diet insufficient with regard 
to calories, protein and possibly other nutrients, this will 
generally lead to an inhibition of the development of the fetuses 
and a lowering of the viability of the newborn animals (Hammond, 
1932; Huggett, 19M-1; McKenzie, 1928). An insufficient supply of 
feed throughout pregnancy, or even during part of the pregnancy 
period has been shown to result in reduced birth weight and 
viability as well as milk production of the dam and thus the 
growth rate of the offspring with rats (Zuntz, 1919) , rabbits 
(Reeb, 1905), sheep (Alexander et al., 1956; Hammond, 1932) swine 
(Hanson et al., 1953), and cattle (Eckles, 1919). Wallace (19M-8) , 
working with pregnant sheep demonstrated that the nutrition of the 
ewe from the 28th to 91st day of pregnancy exerted no appreciable 
influence on the development of the fetuses. However, under­
feeding during the last 2-months of pregnancy caused the ewes to 
be highly emaciated; but in spite of this the intrauterine growth 
continued, although greatly depressed, so that the average birth 
weight of the lambs had been reduced to about half the optimal 
weight. Even though all the fetal organs of the undernourished 
fetuses weighed less .than those sufficiently fed, some fetal 
tissues were more severely affected than others. The central 
nervous system and the heart competed more effectively for avail­
able nutrients than liver and muscular tissues. During the period 
of deficiency the weight of the liver increased only by 8 percent
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of the optimal, and weighed, at term, only ahout one-third as much 
as fetal livers of lambs from ewes which had been sufficiently fed. 
The impaired development of the liver was probably due exclusively 
to a deficient supply of protein. It has been shown in human 
beings (Smith et al., 1953) that the weight of the fetal liver 
bears a closer relation to the protein intake of the mother than 
to her over-all dietary intake.
Pregnancy is a physiological condition which causes a consider­
able increase in the nutrient requirement of the dam, especially 
during the latter half of the pregnancy. Adequate nutrition of 
the pregnant individual is, therefore, in animals as well as in 
human beings, of the greatest importance to the development of the 
fetus and thus to the viability of the newborn animal. If the 
supply of nutrients is too low to cover both the maintenance 
requirement of the maternal animal and the requirement for develop­
ment of the products of conception, the question arises whether 
the tissues of the maternal animal or the fetal tissues have the 
greater priority on the nutrients circulating in the blood of 
the maternal organism. After Child’s demonstration (Child, 1920) 
that distribution of the nutrients of the separate tissues and 
organs of the animal is related to the metabolic rate of these 
tissues and organs, and following McMeekon’s demonstration 
(MeMeekon, 1940), that variations in the supply of nutrients do 
not influence all organs to the same extent, Hammond (1944) reported 
his ’'theory of priority of partition of nutrients.” According to 
this theory, fetuses as a whole have a first priority owing to
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their relatively high metabolic rate. Further, according to this 
theory, any state of nutrition which causes the content in the 
blood of specific nutrients to fall will cause the maternal 
organism to mobilize nutrients from its own tissues to meet both 
the extrauterine and intrauterine feed requirement for maintenance 
and growth. There can hardly be any doubt that this is actually 
so in principle (Wallace, 199-8) . But the growth and development 
of fetuses are, however, in no way independent of the nutrition 
of the dam. The fetus is ’’parasitic" on the mother only to a 
certain limit; if the labile reserves of dam nutrients decrease 
beyond this, the growth and development of the fetus will be 
inhibited; on the other hand, a supply of nutrients in excess 
of the requirement will not cause any additional fetal growth 
(Eckles, 1919; Hammond, 1932).
Effect of Level of Protein in the Diet on Swine Reproduction
It is an accepted fact, well documented by research reports, 
that the level of total dietary intake has definite influence on 
the dam and developing fetus during gestation. However, the 
effect of protein level in rations fed to pregnant sows on sow 
performance and reproductive criteria has received only limited 
attention. The harmful effects of protein deficiency or excessive 
quantity in the ration during pregnancy has not been fully 
investigated and is not as well understood as the effects of total 
daily intake on reproductive criteria. The quantitative and 
qualitative protein requirements of pregnant swine have not been
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as thoroughly investigated as the requirements of young, growing 
pigs. Many of the nutrient recommendations found in the literature 
have been extrapolated from data obtained with growing and finishing 
pigs. Existing reports are not in close agreement as to the 
recommended level of protein and the effect on sow life cycle 
reproduction. Levels of protein in experimental rations have 
ranged from zero to about 35 percent and present a wide variety of 
reproductive performance data. As has already been pointed out, 
sow condition and maturity at breeding is a very influential factor 
in trying to establish the protein requirement during pregnancy. 
Also, the source of protein which influences availability and 
amino acid balance is extremely important when requirement 
estimates are being determined.
Mitchell et al. (1931) fed a 10.9 percent protein diet 
composed of cracked corn, alfalfa meal, tankage, linseed meal and 
ground limestone to five gravid gilts, in which daily nitrogen 
retention represented 17.8 percent of the intake with only 31 
percent of that retained used in the process of reproduction.
There can be little doubt that when the nutrient intake is 
adequate, the gravid state results in nitrogen retention consider­
ably in excess of the fetal needs.
Feeding 2.27 kg. of a 12 percent ration (270 gm. dig. prot.) 
daily during early gestation and 2.73 kg. (320 gm. dig. prot.) 
daily during the latter half of gestation resulted in satisfactory 
performance as measured by appearance of the sows, weight and 
appearance of pigs at birth and their subsequent growth (Fishwick,
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1930). Evidence was also presented that a 10 percent protein diet 
was adequate during the summer months.
Jespersen and Olsen (194-0) found that 275 gm. digestible 
protein resulted in a mean litter size of 9.2 pigs with a mean 
litter weight of 13.3 kg., while the corresponding values for 320 
gm. digestible protein were 10.5 pigs and 14-. 6 kg. There are data 
favoring even higher levels of protein during gestation. Stevenson 
and Ellis (1957) observed a significantly higher survival rate of 
pigs from sows that had received 17 to 20 percent protein diets 
during gestation than from sows fed a diet containing 15 percent 
protein. These workers suggested that the beneficial effects may 
have been due to vitamin concentration rather than protein per se., 
since increased levels of riboflavin improved survival rate in 
other studies (Miller et al., 1953).
Hanson et al. (1957) reported that sows fed 11 or 14- percent 
protein had similar parturition performance, but that the pigs’ 
resistance to a scours-type disease was greater if the sows had 
received the higher (14%) level of protein during gestation. On 
the other hand, several investigators have contended that the 
number of pigs b o m  alive and birth weight are not significantly 
reduced by decreasing the protein level below that which has been 
recommended (Duncan and Lodge, 1960; Boaz, 1962; Clawson et al.
1963; Rippel et al., 1965b). Lenkeit (1957) reported that levels 
of 131 to 830 gm. of digestible protein per day did not affect the 
number of pigs farrowed. More recently, Clawson et al. (1963) 
demonstrated that as little as lhO gm. of soybean protein per gilt
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daily did not significantly reduce reproductive performance of 
gilts and sows. Gilts receiving 560 gm. protein daily gained 
significantly more weight during gestation than those receiving 
140 gm., although the reverse occurred during lactation.
Rippel et al. (1965c) fed gilts and sows 1.82 kg. per head 
daily of either a 5 or 16 percent protein diet in which a constant 
ratio of c o m  to soybean meal of 4.4:1 was maintained. It was 
demonstrated that the usual criteria for evaluating reproductive 
performance (total and live pigs farrowed, birth weight and 
livability) were unresponsive to a low level of 91 gm. vs. 272 
gm. of protein fed daily during the final 50-60 days of gestation. 
Frobish et al. (1966) found no significant differences in numbers 
of pigs farrowed alive, birth weight or pig weight at 2 weeks 
postpartum when sows received either 182 or 364 gm. of protein 
(corn to soybean meal weight ratio of 2.6:1, respectively) daily 
throughout gestation. However, with increasing levels of protein;' 
intake from 136 to 654 gm. per day, there appears to be an 
improvement in reproductive performance as reported by Stevenson 
and Ellis (1957) , Duncan and Lodge (1960) and Clawson et at. (1963) . 
Boaz (1962) observed that sows maintained through three successive 
reproductive cycles on 419 to 559 gm. of protein per day farroi^ed 
a greater number of pigs than did sows on 280 to 374 gm. of protein 
daily.
Frobish (1966) noted that significantly more pigs were weaned 
from sows receiving 364 gm. of protein daily during gestation than 
from sows that had received 182 g?n. daily. Also, a significant
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interaction was observed on the number of pigs weaned. Sows on 
a low-protein, low-energy intake weaned more pigs than did sows 
on a high-protein, low-energy intake; whereas sows on a low-protein, 
high-energy intake weaned fewer pigs than did sows on the high- 
protein, high-energy intake. Over-all, Frobish (1966) reported 
that although the difference was not significant, the number of 
pigs farrowed alive by sows on high protein was superior to the 
number of pigs farrowed alive by sows on the low-protein intake, 
which resulted in significantly more pigs being weaned from sows 
that had received the high protein level during gestation (364- gm. 
daily).
Rippel et al. (1965b) used the daily nitrogen balance as the 
primary criterion to evaluate the nitrogen needs of pregnant sows.
A mixture of corn and soybean meal (weight ratio of M-.M-:1, 
respectively) was diluted with various levels of corn starch to 
formulate diets varying in protein from 0 to 15 percent. The 
diets were equalized to 2.1 percent crude fiber and the levels 
of calcium and phosphorus were maintained at 0.75 and 0.50 
percent, respectively. When a broken line was fitted by the method 
of least squares to the combined data of four experiments, 12.2 
and 12.M- percent protein accounted for the greatest sum of squares 
at the 85th and 105th days, respectively. These observations 
indicate that a daily intake of 230 gm. crude protein from a high 
energy, corn-soybean meal diet is sufficient to meet the gilts' 
essential amino acid and amino nitrogen needs during the last 
trimester of gestation.
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DeVilliers et al. (1958) assumed a biological value of 60 for 
dietary, protein and suggested that 200 gm. of "true digestible” 
protein are needed for maintenance and growth of the gilt, with 
an additional 50 to 95 gm. of digestible protein r e q u i r e d  -to meet 
the intrauterine and mammary tissue needs at the 80th and 100th 
days postcoitum, respectively, for normal reproductive performance. 
It was estimated that mammary deposition increases from 0.8 gm. at 
at the 80th to 2.7 gm. at the 110th-day of pregnancy. Self et al. 
(1960) suggested that the total protein requirement of pregnancy 
could be met by a daily supply of about 300 gm. of digestible 
protein.
Ration Protein bevel and Nitrogen Retention in Pregnant Gilts 
It has been reported that ration digestibility is not 
necessarily affected by stage of pregnancy (Lenkeit and Gutte,
1956; Lenkeit, 1957). However, researchers have shown that 
nitrogen retention in the pregnant sow Increases with pregnancy, 
especially after the 85th day. Approximately 25 to 35 percent 
of the nitrogen retained by the pregnant sow at about the 100th 
day of pregnancy goes into the products of conception. (Mitchell 
et al., 1931; Lenkeit and Gutte, 1956; Lenkeit, 1957; DeVilliers 
et al., 1958; Rippel et: al., 1965b) . Stothers et al. (1966) 
studied the effects of high (1^.2%) and low (8%) protein rations on 
the reproductive performance of swine during gestation. Other 
than for the apparent protein retention, a low-protein, corn-lard 
ration gave similar results during gestation to that achieved
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with a high-protein, corn-soybean ration. The low-protein diet 
supplied 170 gms. daily, while the high protein supplied 400 gms. 
daily. Performance of all young pigs was similar through the first 
week of lactation. However, average pig and litter weights from 
sows fed the low protein gestation ration were significantly lower 
at three weeks of age than those from sows receiving the high- 
protein ration. Scouring conditions were a factor with the three- 
week pig weights from sows that had received the low protein ration 
during pregnancy. Stothers jjt al. (1966) concluded that in general, 
reproductive performance could be considered satisfactory to the 
one week stage of lactation with either ration. The greatest 
difference between the two treatments was in the apparent protein 
retention.
Lenkeit and Gutte (1956) and Lenkeit et al. (1956) reported 
a pronounced rise in nitrogen retention after the 95th to 100th 
day of gestation with the amount retained closely related to the 
quantity fed at 9, 12 and 15 percent dietary protein. Nitrogen 
retention was significantly greater at the 105th than at the 85th 
day postcoitum. Since the dietary protein level at which 
retention was maximized did not differ for the two periods (12.2 
vs. 12.4 percent), the increased retention resulted from an 
improved utilization of absorbed nitrogen. Even though it appears 
correct to increase the protein intake late in gestation, these 
data indicate that the total nitrogen need of the gravid gilt 
during the last 40 days of pregnancy did not increase as a percent 
of the diet, but that the efficiency with which the absorbed
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nitrogen was retained did increase. From data of Mitchell et al. 
(1931) and DeVilliers et al. (1958), nitrogen deposited in the 
uterus at the 105th day should exceed that deposited at the 85th 
day by 3.6 gm. At 12 and 15 percent dietary protein, the increased 
retention was 3.1 and 3.5 gm.respectively.
In comparing gravid and nongravid sows of equal weight (267 
kg.), complete carcass analysis indicated 27 percent less internal 
fat and 12 percent less backfat in the gravid sows (Salmon- 
Legagneur and Jacquot, 1961). Of the nitrogen retained, 75 percent 
was deposited in the body of the sow, with the remaining 25 percent 
in the products of conception. Rombauts (1962), correcting for 
the products of conception, found a greater nitrogen retention in 
gestating sows than in their nongestating counterparts. Nitrogen 
retention, as a percentage of absorbed nitrogen, for mature 
gravid and nongravid animals, was 35 v£3. 29 compared to 30 vs. 11 
percent, respectively-. The studies of Baker et al. (1966) and 
Rippel et al. (1965a) indicated that the biological value of a 3 
percent protein corn-soybean meal diet was 69 percent for the 
nongravid and 99 percent for the gravid gilt.
Effect of Source and Level of Protein During Gestation on Pregnant 
Swine
Protein of animal origin has frequently been suggested to 
have greater nutritional value for swine reproduction than protein 
of plant origin. Moustgaard (1952) reported that gilts fed a diet 
in which the supplemental protein was of animal origin (soured 
separated milk) reached puberty earlier and had greater ovulation
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rates, greater embryo survival and greater litter size at 26 to 29 
days of gestation than gilts fed a diet in which the supplemental 
animal protein was replaced with protein of plant origin. Most of 
the advantage of the animal protein diet was eliminated when the 
all-plant diet was supplemented with vitamin B12* Fowler and 
Robertson (195LI-) reported similar advantages in age at puberty, 
ovulation rate and litter size from replacing 50 percent of the 
supplemental plant protein with protein of animal origin. These 
differences were markedly reduced when an antibiotic-vitamin B12 
supplement was added to the all-plant diet.
Teague and Rutledge (I960), Clawson and Barrick (1959) and 
Mayrose et al. (196M-) indicate little if any beneficial effect on 
reproductive performance from replacing part or all of the 
supplemental protein in adequately fortified all-plant diets with 
protein of animal origin. Zimmerman et al. (1967) reported no 
treatment differences between rations supplemented with meat and 
bone scraps vis. those supplemented with soybean meal fortified 
with vitamin Bi2* any of the reproductive traits measured.
Age at puberty, ovulation rate at second estrus, embryo survival 
and litter size at 26 to 28 days of gestation were not improved 
by substituting animal protein for part of the supplemental protein 
of plant origin.
Prior to the extensive use of supplemental vitamins in 
swine rations, the inclusion of alfalfa in gestation and lactation 
rations fed in dry lot improved litter size and survival of baby 
pigs (Freeman, 1938; Hogan and Johnson, 19lH; Cunha et al., 19M-4-;
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Fairbanks et, al^ , 1945) . Although alfalfa leaf meal is not 
generally considered a major source of protein in swine rations, 
the addition of increasing percentages to rations of pregnant 
swine usually results in effects similar to increasing protein 
level or reducing energy level of the diet. Teague (1955) found 
that the addition of sun-cured alfalfa to a gestation ration fed 
in dry lot as compared to a vitamin-fortified ration, increased 
the number of live pigs farrowed and Hie percent surviving at 
weaning. Teague suggested the alfalfa furnished factors which 
favorably influenced ovulation rate and postnatal survival of the 
pigs. Seerley and Wahlstrom (1965) studied the effects on brood 
sow performance of increasing levels of dietary alfalfa leaf meal 
with two levels of protein. Dietary alfalfa leaf meal levels 
were 0, 2.5, 5 and 10 percent and included two protein levels at 
15 and 18 percent. Significantly more pigs wex'e weaned from sows 
on the 10 percent alfalfa meal. Also, the number of pigs farrowed 
per litter was significantly increased by the 18 percent protein 
level in the alfalfa-free ration. Over-all, the higher protein 
level (18?o) improved litter size, but this difference was not 
significant. Seerley and Wahlstrom concluded that neither 
alfalfa level nor protein level alone influenced average birth 
weight of pigs; however, there was a significant interaction 
between these factors. Birth weight of pigs from the low-protein 
groups of sows decreased as the level of alfalfa meal was increased, 
whereas birth weights of pigs from the high-Protein groups 
increased as the level of alfalfa meal increased.
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Hesby et al. (1968) in testing the effects of protein level 
and Opaque-2 corn on swine reproductive performance, found no 
differences in source of protein or between normal corn and 
Opaque-2 corn, but as protein level increased, gilt weight, pig 
birth weight, and litter size at farrowing and weaning tended to 
increase. Rippel et al. (1965a) tested the effects of level and 
source of protein on reproductive performance of swine and 
reported that neither level nor source of protein from standard 
corn-soybean meal ration or a 97 percent corn diet influenced 
litter size, number of pigs or livability. Strachan, et al.
(1968) studied the effects of feeding a protein-free diet at 
various stages of gestation on reproduction in swine and 
concluded that dietary protein at the time of implantation, 
appears to be an important factor in determining individual pig 
birth weight, but not in determining embryo survival.
There were no significant differences found in litter size 
born alive, average birth weights, 21-day weaning weights, gilt 
weight gain during pregnancy or weight loss at parturition due 
to level and quality of protein during gestation (Hawton and 
Meade, 1969) . However, there was a tendency for increased numbers 
of pigs farrowed (total and alive) by sows on an 18 percent 
protein ration. Also, the 18 percent protein ration produced 
heavier birth and 21-day weights and increased sow gain during 
gestation. Lactation weight loss was greater with gilts fed a 
corn-only diet, followed by the 18 percent protein ration. The 
latter was probably due to conversion of protein to energy and
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fat deposition during gestation.
Although early experiments indicated supplemental protein 
was. necessary for optimum reproductive performance in swine-when 
a grain diet was fed, it is possible that nutrients other than 
amino acid were limiting in these diets (Holden et al., 1968) . 
Reports by Boaz (1962) , Clawson et ah. (1963) , Rippel et al.
(19 65b, c) and Frobish et al. (1966) indicate that low-levels of 
protein will support satisfactory reproduction. Holden et al. 
(1968) reported no significant differences in the number of pigs 
farrowed alive, birthweights or number of pigs weaned when various 
protein levels during pregnancy and lactation were tested.
However, there was an increase in pig gain up to weaning as the 
protein level increased, but this trend was not significant.
The crude protein levels in sow’s milk increased linearly with 
increasing dietary protein. Holden et al. concluded that the diet 
containing 8 percent crude protein fed at the level of 1.82 kg. 
daily during gestation and fed to appetite twice daily during 
lactation provided adequate protein for satisfactory reproductive 
performance. However, pig gain from birth to 2-weeks of age 
was improved by higher levels of protein in the sow’s diet 
during gestation. Furthermore, this work as well as the report 
by Pond et al. (1968) demonstrated that underestimation of protein 
requirements is a distinct possibility.
Short-term reproductive studies should be avoided if more 
precise estimates of protein requirements for reproduction and 
lactation are to be determined. Pond et al. (1968) concluded
from his work with bred gilts fed adequate vs. protein-free 
gestation diets that the sow acts as an efficient buffer to at 
least partially protect the developing fetus against the effects 
of maternal protein deprivation. However, the long-term and 
carry-over effects from generation to generation among sows 
receiving relatively low levels of daily protein intake should 
be more thoroughly investigated. Holden jit al. (1967) studied the 
long term effects of protein level on swine reproduction and did 
not find any significant difference in reproductive criteria or 
sow condition but reported the same trends as most researchers. 
That is, with daily intake of 1.82 kg., increasing levels of 
protein from 8 to 20 percent produced increases in litter size 
alive, birth weight, number weaned per litter and weaning weight, 
although there were no significant differences.
Nitrogen Retention and Amino Acid Profile
More recently, researchers have been more interested in the 
effect of protein intake on nitrogen retention and amino acid 
profile of swine during gestation and lactation. Although reprod­
uctive performance in swine has often been assessed by litter 
size, birth weight of pigs, and pig survival, these criteria are 
relatively insensitive to protein content of the gestation diet. 
Self et al. (I960) suggested that about BOO gm. digestible protein 
daily supported adequate litter size and birth weight. Lucas 
et al. (1966) observed no difference in number of pigs farrowed, 
birth weight, or maintenance of sot weight when sows were fed
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levels of protein varying from 8 to 20 percent of the diet.
Clawson .et al. (1963) found that a daily intake of 136 gm. of 
soybean protein supported satisfactory reproductive performance. 
Rippel .et aX. (1965d) reported that as little as 90 gm. of protein 
daily was sufficient for satisfactory reproductive performance, 
but Rippel et jal. (1965b) observed that nitrogen retention of gilts 
in Hie last one-third of gestation was maximized by a daily feeding 
of 230 gm. of protein from corn and soybean meal in a constant 
ratio.
Miller .et al. (1969) found that a significant linear increase 
in nitrogen retention occurred when daily intakes of protein were 
114, 171, 228, 285, and 342 gm. Nitrogen retention data for these 
daily protein intakes were 4.23, 8.38, 12.37, 15.64 and 16.28 gm., 
respectively. Retention appeared to maximize between 15 to .18 
percent protein, or 285 and 342 gm. of protein daily, but 
deviations from linearity were not significant. These data suggest 
that a daily intake of at least 285 gm. crude protein in diets 
based on corn-soybean meal is necessary to supply sufficient 
essential amino acids and amino nitrogen for maximum retention in 
the gravid gilt or sow at 100-days postcoitum.
Rippel et al. (1965a) using corn-soybean meal-corn starch 
diets with protein levels from 0 to 15 percent reported that 
nitrogen retention plateaued at approximately 12.5 percent protein 
on the 85th to 105th day postcoitum. Also, gilts fed a nitrogen- 
free diet had a mean negative nitrogen balance of 6.5 gm. per day.
A nitrogen intake equivalent to 3 percent protein appeared to be
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slightly in excess of the maintenance need. Since the gravid gilt 
appears to satisfy her intrauterine amino acid and amino nitrogen 
needs prior to meeting her extrauterine needs, fetal weight has 
little or no influence on the efficiency of nitrogen utilization 
unless the intake is sufficient to meet the extrauterine require­
ment.
In another study Rippel et al. (1965a) used semipurified diets 
containing 12 percent protein to evaluate the lysine, isoleucine 
and sulfur-bearing amino acid requirements of gravid gilts. It
was shown that 0.42 percent lysine, 0.37 percent isoleucine and
✓
0.28 percent total sulfur-bearing amino acids adequately met the 
gilts* need during the period of 102 to 109 days postcoitum. Gilts 
fed isolated soybean protein responded to methionine, but not to 
cystine. Gilts receiving a 97 percent corn diet maintained a 
positive nitrogen retention of 7 gm. daily, compared to 10.5 gn. 
when lysine and tryptophan were added. Glutamic acid failed to 
Improve performance when added to all-corn diets supplemented 
with lysine, tryptophan and isoleucine.
It has been reported that dietary protein and amino acid 
adequacy Is reflected in the free amino acid concentrations in 
blood plasma of several species. Smith and Scott (1965a,b) found 
that changes In plasma free amino acid levels In the chick could 
be used to determine the first limiting dietary amino acid as 
well as to provide a measure of protein adequacy. Ritchey and 
Richardson (1959), Mitchell et ah. (1964), Richardson, Hale and 
Ritchey (1965) and Long (1966) have reported that plasma free
M-0
amino acid levels in growing pigs are responsive to protein level 
and protein quality. The plasma amino acid profiles of sows fed 
diets containing 8, 12, 16 and 20 percent protein were studied 
during gestation and lactation periods for four successive 
reproductive cycles. Plasma levels of arginine, isoleucine, 
leucine, lysine, threonine and valine averaged over gestation and 
lactation increased linearly, and histidine, methionine and 
phenylalanine increased quadratically with increasing levels of 
dietary protein. Tyrosine also increased linearly, but cystine 
was not affected by dietary protein. Plasma levels of arginine, 
lysine, methionine and threonine were significantly higher during 
gestation than during lactation, but the level of histidine was 
significantly higher during lactation. Leucine and valine plasma 
levels increased more rapidly during lactation than during gesta­
tion with increasing dietary protein levels. Plasma levels of 
total essential amino acids (tryptophan not included) increased 
linearly with increasing levels of dietary protein and were 
significantly lower during lactation than during gestation.
ENERGY-PROTEIN RELATIONSHIP
Unfortunately, there are no reports in the literature 
directly concerned with the energy to protein relationship and 
its effect on reproductive performance during the pregnancy period 
of swine. Most reports deal directly with the energy and/or 
protein levels independently. However, Lodge and Lucas (1959)
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developed the hypothesis that a protein-energy relationship in 
sow*s milk is important in relation to gains by young pigs. This 
criterion was developed further by Smith (1960) and by Bowland 
(1964b). Smith observed that the lowest conversion efficiency by 
litters occurred at a period when milk fat content was highest.
Bowland found that milk fat content from sows fed a diet containing 
20 percent tallow was 2.2 percent higher (8.4 vs. 6.2 percent fat) 
than milk fat content from sows fed a standard ration. Protein and 
other solids-not-fat were similar in milk from sows fed either ration.
Lodge and Lucas (1959) suggested that, for optimum growth, 
young pigs between 1.3 and 4.5 kg. liveweight require 60 gm. crude 
protein per 1,000 kcal. DE intake, and that this protein require­
ment falls to 54 gm. between 4.5 and 9 kg., and 43 gm. between 9 
and 20 kg. liveweight. The calculated protein:calorie ratio of 
milk from sows fed a high fat ration was 41 gm. and from control 
sows was 53 gm. protein per 1000 kcal. DE (Bowland, 1964b). The 
low protein:energy ratio in sows* milk when sows were fed a high 
fat ration, combined with smaller litter sizes, could explain the 
nonsignificant lower energetic efficiency that was obtained during 
lactation.
Bowland, (1964b, 1965) showed that addition of supplemental
fat to increase ration energy levels increased fat:protein ratios 
in sows’ milk. Dietary fat alters the fatty acid composition of 
sows* colostrum and milk. Therefore, total quantity and fatty 
acid composition influences litter performance.
EXPERIMENTAL PROCEDURES
The combined data of summer and winter feeding trials were
used to estimate the energy and protein requirements of gravid
gilts. The criteria used to estimate the most optimum level and
sratio of energy to protein for gestating gilts consuming rations 
based on corn and soybean meal included gilt weight changes and 
physical appearance during gestation and lactation; reproductive 
performance as measured by litter size and weight at farrowing 
and weaning, as well as pig livability and condition during the 
suckling period; nutrient digestibility as affected by plane of 
nutrition and period of pregnancy; and the effects of various 
ratios and levels of intake on body composition of gilts and 
respective fetuses from each ration treatment imposed. Carry-over 
effects from gestation to lactation on sow condition and mothering 
ability as measured by gilt weight and number and performance of 
pigs were of special interest in the estimate of energy and 
protein required during gestation by the pregnant gilt.
Experimental Design 
The experimental design Is presented in Table I showing the 
number of animals on each treatment at each period of gestation 
for both trials that completed the experiment. A completely 
randomized design with a 2 x 3 x 2 factorial arrangement of
M-2
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Table I Experimental Design 
Number of Gilts Per Treatment Per Period
LEl ME 2 HE3LP4 HP5 LP HP LP HP
75-day I 2 1 . 2 2 1 2
II 2 2 2 2 2 2
Total 4 3 4 4 3 4
105-day I 2 2 1 2 2 2
II 3 2 2 2 3 1
Total 5 4 OmJ 4 5 3
114-day I 3 5 5 4 4 4
II 5 7 6 6 4 3
Total 8 12 11 10 8 7
Grand Total 17 19 18 18 16 14
1. LE - Low Energy, Avg. *1366 kcal./day, DE
2. ME - Medium Energy, Avg. 5800 kcal./day, DE
3. HE - High Energy, Avg. 7415 kcal./day, DE
4. LP - Low Protein, 191 gm. DP
5. HP - High Protein, 402 gm. DP
6. Trial I, 75-days and 105-days of pregnancy, 114-days or term.
7. Trial II, 75-days and 105-days of pregnancy, 114-days or term.
The gilts that farrowed were taken through a 42-day lactation
period.
Digestibility studies were analyzed as a split-plot arrangement in 
a completely randomized design with a 2 x 3 x 2 factorial arrange­
ment of treatments as the whole plot and pregnancy period as the 
split-plot.
Reproductive criteria through farrowing were analyzed in a completely 
randomized design with a 2 x 3 x 2 x 3  factorial arrangement of 
treatments. Weaning traits were analyzed as a split-plot arrange­
ment in a completely randomized design with a 2 x 3 x 2 factorial 
arrangement of treatments as the whole plot and the difference 
between farrowing and weaning during lactation being the split-plot.
Body composition data were analyzed in a completely randomized
design with a 2 x 3 x 2 x 2  factorial arrangement of treatments.
44
treatments as the whole plot at two periods during pregnancy 
representing the split-plot arrangement was used to study several 
effects on ration digestibility for estimating the energy and 
protein requirements of gravid gilts. Reproductive performance 
was analyzed in a completely randomized design with a 2 x 3 x 2 
x 3 factorial arrangement of treatments. Weaning traits were 
analyzed as a split-plot arrangement in a completely randomized 
design with a 2 x 3 x 2 factorial arrangement of treatments as 
the whole plot and difference between farrowing and weaning 
during lactation being the split-plot. Body composition data 
were analyzed i n a 2 x 3 x 2 x 2  factorial arrangement of the 
completely randomized design. Treatments consisted of measure­
ments during 2 seasons with 3 energy levels, 2 protein levels, 
at 2 time periods during the reproductive cycle.
Two gilts from each treatment in each trial were used to 
determine digestion coefficient for energy and protein at 75 and 
105 days of pregnancy. The preliminary period for both trials 
was from 63 days postcoitum to 72 days postcoitum, and the test 
collection period was from 73 days to 77 days postcoitum for the 
75th day of pregnancy. Similarly, at the 105th day of pregnancy, 
digestibility data were obtained from samples taken from 103 
days to 107 days postcoitum after a 10-day preliminary period in 
both trials. The gilts used in the digestibility studies were 
allowed to farrow and provided reproductive performance data
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through the suckling period. With an equal number of observations 
in each class and subclass, the analysis of variance was used to 
test for significant differences among, the mean digestion 
coefficients.
Animals
A total of 124- crossbred Duroc x Hampshire x Yorkshire gilts 
was used in a summer trial (Trial X) and a winter trial (Trial II) 
to study the energy and protein requirement of gestating gilts. 
Trial I consisted of 54- gilts to provide nine gilts for each of 
the six ration treatments imposed. In Trial II, 64 gilts provided 
at least ten gilts for each of the same six rations tested.
Rations 1, 2, 4 and 6 had one extra gilt each to make a total of 
11 gilts on these rations as shown in Table III. Four of the 
remaining gilts out of the original 124 were shifted to another 
experiment, and 2 that would not breed had miniature reproductive 
tracts. No system of flushing or superovulation was used on the 
gilts during the breeding periods. A conventional, 15 percent 
growing ration based on corn and soybean meal was fed at an average 
daily intake of five pounds per animal, once daily, for two weeks 
prior to commencement of breeding.
During the preliminary period, the gilts were washed down, 
sprayed with Lindane for lice and wormed with piperazine. Average 
age of the gilts in both trials was about eight and one-half 
months, and all gilts had been through at least two estrous cycles 
prior to breeding. Immediately after the second mating, the gilts
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were put on treatments in drylot and group fed once daily.
The gilts were maintained in a shed type shelter that covered 
two-thirds of the concrete drylot. The south side of the shelter 
was completely open, while the north side could be closed or 
opened at the discretion of the researcher. The north side was 
closed in the winter and opened in the summer. Automatic 
waterers provided clean water free-choice at all times.
Natural matings, using breeding crates when necessary, were 
used. Hampshire and Yorkshire boars were used to breed the gilts 
twice, first at twelve hours after showing full standing heat with 
a teaser boar and again twelve hours later. Gilts were tested for 
standing heat twice a day with the teaser boar at about 7 A.M. and 
6 P.M. The breeding plan in both trials was the same, so that a 
boar or boar-pair as shown in Tables II and III was mated to one
gilt on each treatment. In Trial I, individual boars and boar-
pairs provided nine different boar arrangements for each group of 
gilts and in Trial II, there were ten boar groupings. Tables II 
and III show boar and boar-pair assignment with size of litter 
produced by gilts bred to that boar. Each boar was mated to one
gilt on each treatment twice; then a boar-pair consisting of two
boars was mated to the same gilt on each treatment, once each.
As a gilt came into heat, the boar or boar-pair next in line 
was mated to this gilt. This automatically put that gilt in one 
of the six gilt groups. The six gilt groups were randomly assigned 
to one of the six experimental rations , and on the first or second 
day following the second mating,the gilt was put on treatment.
Table IX Boar-Group Assignment and Litter Size
Trial I
































Old York I 10 11* 12 6 NP* NP*
Young York II 9 10 8 NP* 14* 11*
Old Hamp III 12 8 8 11 8 11*
Old Hamp IV NP NP 4 10* 9 5
Young Hamp V NP* 12* 12* 11* 6 10
OY&YH VI 7 9 9 11 7 12*
YH&OY VII 12 12* 9 9 10 11
OH&YY VIII 11 10 NP* 8 NP* 9
YY&OH IX 9 10 11 13 11 8
NP - indicates not pregnant after mating and were removed from the 
experiment.
The breeding period was from 7-11-67 to 8-16-67.
* - indicates the gilt had to be rebred after the original mating. 
OY - Old York; YY - Young York; OH - Old Hamp; YH - Young Hamp
Table III Boar-Group Assignment and Litter Size
Trial II
LE ME HE
LP HP LP HP ‘ LP HP






























York i 12* 16 13 9 7 NP
York ii 6 13 11* 14 NP* 16
York h i 6 8 10* 9 ‘ 10 11
York IV NP* 10 10 NP* 10 NP
Hamp V 11* 13 12 13 4 11 & ll*1
Hamp VI 11* 10 6 10 & 71 11 NP*co & on VII g* 11 10 11 13 NPco & oo VIII 7* 13 10 13 13 NP*
(H) & (H) IX 11 10 11 11 13 9an & an X 10 11 11 13 3* 10*
NP - indicates not pregnant after mating and were removed from the experiment.
The breeding period was from 2-20-68 to 3-19-68.
* - indicates the gilt had to be rebred after the original mating.
1 - There were 2 gilts bred to the same boar for these gilt groups which provided extra gilts
for the MEHP and HEHP rations.
■p03
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Table IV Gilt-Group Allotment to Treatment
Trial I
Gilt Group IV II VI I III V
Ration No. 1 2 3 4 5 6
Gilt No.
8-1 20-6 6-5 20-2 13-3 12-7
13-4 8-6 10-5 6-1 19-7 5-4
19-2 24-1 9-7 3-8 21-5 20-4
14-5 12-6 21-3 10-3 11-1 2-2
4-3 22-9 3-6 26-4 20-5 6-3
14-9 12-5 22-1 9-5 22-4 18-2
6-2 21-4 5-5 10-2 14-3 13-2
5-1 9-6 17-3 2-1 18-5 18-4
15-8 14-2 22-6 8-2 15-1 19-4
Each gilt was bred twice during estrus; first, twelve hours after 
full standing heat, and again twelve hours later.
Gilt-groups were randomly allotted to treatment rations.
so
Table V Gilt- group Allotment to Treatment
Trial II
Gilt Group V I VI IV II III
Ration No. 1 2 3 4 5 6
Gilt No.
4-1 4-3 1-10 11-3 23-2 20-5
9-1 3-1 17-2 22-2 18-2 4-12
23-1 30-3 20-3 3-2 17-3 21-5
11-1 17-1 21-3 8-6 1-11 17-7
10-7 20-1 4-6 1-9 7-2 27-4
19-1 10-6 18-3 20-2 3-4 26-4
21-2 13-3 3-6 21-4 8-3 3-3
18-2 8-5 5-2 23-4 11-3 1-12
30-2 22-4 8-2 17-5 22-3 19-4
22-1 1-5 26-1 4-5 19-2 25-4
15-2 12-1 28-6 8-4
Each gilt was bred twice during estras; first, twelve hours after 
full standing heat, and again twelve hours later.







































I - Trial I 
II - Trial II
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Gilts that did not settle during the first breeding estrus were 
rebred to the same boar or boar-pair at the next heat period and 
remained on the treatment originally assigned. Tables IV and V 
show gilt-group assignment and the random allotment to treatment. 
The breeding period in Trial I covered 31 days, and in Trial II It 
covered 35 days.
Managerial practices and treatment of gilts in both trials 
were similar in all respects with the only difference being the 
ration treatments imposed and the difference In climatic conditions 
between summer and winter environments.
Rations
Each ration tested in the feeding trials constituted a 
treatment and was based on corn and soybean meal as the energy 
and protein sources, respectively. Basically, three levels of 
energy which contained two levels of protein were statistically 
tested at three different periods of the reproductive cycle.
The high-energy ration was formulated to provide about 7500 
kcal. of digestible energy (DE) per day, while the low-energy 
ration provided about 4500 kcal. of DE per day, and an intermediate 
energy-level provided about 6000 kcal. DE per day. Selection of 
the too daily protein levels (204 and 409 gm.) within each energy 
level was based on reports in the literature (Mitchell et al.,
1931; Rippel et al., 1965a). Since digestible energy (DE) intake 
is directly proportional to daily intake, the DE consumed daily 
was controlled by regulating daily Intake. Therefore, rations were
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formulated to supply the desired levels of energy and protein based 
on daily consumption. Each ration was fortified so as to supply 
daily equal amounts of calcium, phosphorous, zinc, salt and 
Vitamins A, D, Bx2s riboflavin, niacin and pantothenic acid.
Gilts were group-fed once daily between eight and nine A.M.
The low-energy (L) group received 1.36 kg. daily, while the 
medium-energy (M) group received 1.86 kg. daily and the high- 
energy (H) group consumed 2.27 kg. daily. Within each intake level 
(energy level) the gilts received about 200 and 4-00 gm. of 
digestible protein daily. This provided six rations with a range 
in the ratio of digestible energy to digestible protein of 11:1 up 
to 4-1:1. Ration formulation and composition are shown in Table
VII and nutrient composition of each ration Is shown in Table
VIII as determined by proximate analysis. Nutrient daily Intake 
calculations are shown in Table IX.
Ration Digestibility Studies
Nutrient digestibility was determined in digestibility studies 
using chromic oxide indicator for calculating digestion coeffi­
cients for energy and protein. Two gestating gilts from each 
treatment were randomly selected for the digestibility study.
Also, two time periods during gestation were selected: 1) at 75
days postcoitum, when the fetus has completed full development, 
and 2) at 105 days postcoitum when prenatal growth is approaching 
maximum rate prior to parturition. The same two gilts on each 
treatment wei’e used at both the 75-day and 105-day pregnancy
Table VII Ration Formulation and Composition fkg.~)
LE_________ ME HE
LP HP LP HP LP HP
Daily Intake (kg.) 1.36 1.36 1.82 1.82 2.27 2.27
DE (kcal./day) 4224 4507 5664 5936 7602 7228
Calcium (%) 1.1 1.1 0.8 0.8 0.7 0.7
Phosphorus (%) 0.7 0.7 0.5 0.5 0.4 0.4
DE:DP Ratio (kcal./gm.) 22 11 29 15 42 18
Gr. corn 784.8 425.8 890.5 621.2 412.7 738.7
Soybean meal, 50% 160.3 524.2 66.5 339.4 107.0 228.6
Raw sugar — - - — — 443.0 - -
Dical. Phosphate 22.2 15.4 14.0 S.9 14.2 5.1
Oystershell flour 13.5 15.4 12.1 13.6 7.6 12.1
Salt (TM) 9.2 9.2 6.9 6.9 5.5 5.5
Premixa 10.0 10.0 10.0 10.0 10.0 10.0
Total 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0
a-Premix
Gr. corn 8.105 8.580 8.870
Vit. A (9,978,980 IUAg.) .610 .450 .360
Vit. D (8,800,000 U/kg.) .047 .035 .028
Vit. B12 (132 mg./kg.) .153 .115 .092
Vit. B (8.8,35.2,26.4 mg./kg.)^ .915 .690 .550
Zinc Oxide (800.8 gm./kg.) .170 .130 .100
Total 10.000 10.000 10.000
LE - Low Energy; ME - Medium Energy; HE - High Energy; LP - Low Protein; HP - High Protein 
The author wishes to thank Chas. Pfizer and Co. for donating the Vit. A and Vit. B̂ ;?; Dawes 
Laboratories, Inc. for the riboflavin, niacin and pandex; and Clinton Corn Processing Co, for the 
Vit, D2.
2- A Vit. B supplemental mixture was prepared which provided 11, 44 and 33 mg. riboflavin, niacin 1 
and pantothenic acid, daily.
Table VIII Nutrient Composition of Each Ration Based on Proximate Analysis 1































Moisture (%) 12.6 12.2 12.4 13.0 7.2 12.5
Dry Matter {%) 87.^ 87.8 • 87.6 87.0 92.8 87.5
C. Protein (%) 16.4 30.8 12.4 22.6 9.1 19.8
C. Fat (%) 2.1 1.7 2.8 1.5 2.1 2.9
C. Fiber (%) 2.5 2.8 2.8 2.5 1.5 3.0
NFE (%) 60.5 45.7 65.1 55.1 76.4 57.3
Ash (%) 5.9 6.8 4.5 5.3 3.7 4.5
D. Energy (kcal./kg.) 3073 3204 3012 3136 3267 3042
Trial :El
Moisture 6.4 5.4 6.0 5.4 4.7 6.0
Dry Matter (%) 93.6 94.6 94.0 94.6 95.3 94.0
C. Protein (%) 18.0 35.0 13.7 26.8 10.9 21.4
C. Fat $) 2.4 1.8 2.2 2.0 2.4 2.4
C. Fiber $) 3.4 3.7 3.8 3.7 2.2 3.9
NFE (%) 63.3 46.8 68.9 56.0 75.6 61.0
ASH (%) 6.5 7.3 5.4 6.1 4.3 5.3
D. Energy fkcal./kg.l 3139 3423 3212 3387 3431 3326
1 - The author wishes to thank the Feeds and Fertilizer Laboratory at Louisiana State University 
for making the proximate analyses determinations on the feeds and feces.
Table IX Nutrient Intake Per Animal Per Day




Air-dry Intake (kg.) 
Dry Matter (%)
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1.36 1.36 1.82 1.82 2.27 2.27
87 88 88 87 93 88
1.19 1.19 1.59 1.59 2.11 1.99
223 4-19 225 410 207 450
29 23 51 27 48 66
34 38 51 45 34 68
822 622 1180 999 1725 1303
4-179 4358 5482 5707 7415 6905
Trial II
1.36 1.36 1.82 1.82 2.27 2
94 95 94 95 95 94
1.28 1.29 1.71 1.72 2.17 2
245 477 249 486 247 486
33 25 40 36 55 55
46 50 69 67 50 89
862 636 1253 1017 1716 1385
4269 4655 5846 6165 7788 7551
U icn
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periods for determining the energy and protein digestion coeffi­
cients .
Gilts from each ration received the same ration and treatment 
during the period of digestibility study, except that each ration 
had 0.2 percent chromic oxide added. Each animal was individually 
penned. A ten-day preliminary period allowed sufficient time for 
the chromic oxide concentration to stabilize in the digestive 
tract of the animal (Parker and Clawson, 1966). A five-day 
collection period utilizing the "grab-sampling" technique provided 
daily feces samples. Proximate analysis and chromic oxide 
concentration determinations of the feed and daily feces 
collections provided the necessary data to calculate the digestion 
coefficients using the ratio method. About 50 gm. of wet feces 
was taken from the rectum of the test animal daily at about 7 to 
8 A.M. The samples were dried at 70°C for a 2ll~hour period in a 
vacuum oven and ground through a 20 mesh screen prior to the 
chemical analysis.
Chromic oxide determination consisted of irradiation of 
the chromium in feed and feces samples and subsequent counting 
in an automatic sample changer, deep well gamma emission scintilla­
tion detector. Chromic oxide concentration was calculated and 
recorded as a percent of the ration or feces on a dry matter 
basis. Proximate analysis data for moisture, protein, ether 
extract, fiber, and ash in feed and feces were provided by the 
Feeds and Fertilizer Laboratory at Louisiana State University on 
the Baton Rouge campus. Gross energy values were determined by the
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adiabatic oxygen Bomb calorimeter. Daily nutrient digestion 
coefficients were statistically analyzed in a split-plot arrange­
ment with a 2 x 3 x 2 factorial arrangement of treatments as the 
whole plot, consisting of two seasons, three energy levels 
containing two protein levels each. The two time periods during 
pregnancy (75 days and 105 days postcoitum) were the split-plot, 
in a completely randomized design.
Reproductive Performance 
All gilts on each of the six rations at the four periods in 
the reproductive cycle (75 days, 105 days, at farrowing and at 
weaning) were used to furnish reproductive performance data. The 
reproductive performance criteria included litter size, total 
litter weight and individual progeny weight and sow weight gain or 
loss. The experimental design for reproductive performance 
included a completely randomized design with a 2 x 3 x 2 x 3  
factorial arrangement for litter size, litter weight, livability 
and gilt total gain separated into maternal gain and reproductive 
gain. Gilt initial weight was included as a covariable in the 
analyses to determine if this variable influenced reproductive 
performance.
Body Composition Determination 
Two gilts from each treatment were sacrificed at 75 days 
postcoitum and two more gilts were sacrificed at 105 days 
postcoitum. These animals provided data on reproductive perfor­
mance as well as samples of body tissue for body composition
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analysis. The experimental design for body composition deter­
mination was a completely randomized design with a 2 x 3 x 2 x 2  
factorial arrangement of treatments. Gilt initial breeding 
weight was included in the analyses as a covairable to determine 
if this vairable influenced body composition. Three energy levels 
containing two levels of protein were analyzed by the least 
squares analysis of variance at two time periods for both seasons.
Two gilts from each treatment at the two time periods were 
randomly selected, and sacrifice dates, timed from the second 
mating during estrus, were established. Slaughter dates did not 
coincide with the 75th day or 105th day postcoitum in all cases, 
but the deviation was not less than the 73rd day or more than 
the 77th day for the first slaughter group; or, slaughter date 
was not less than 103rd day or more than 107th day postcoitum for 
the second slaughter group.
The criteria used in determining body composition consisted 
of gilt total gain divided into maternal gain and reproductive 
gain. Maternal gain was partitioned into weight due to fat and 
lean deposition. Since tissue composition of the right ham has 
been shown to be highly correlated with whole carcass composition, 
(Pearson et al., 1956; Price et al., 1957) the right ham of each 
gilt sacrificed was selected for assay.
In Trial I, the ham was physically separated into lean, fat, 
skin and bone to determine the amount of fat and lean in the ham. 
After this was completed, the lean and fat were ground together 
and thoroughly mixed to supply tissue samples for chemical analysis.
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The tissue samples from the right ham of each gilt were subjected 
to proximate analysis to determine moisture, ether extract, protein 
(Kjeldahl method) and ash. In Trial II, the right ham of the 
gilts sacrificed was not separated physically for weight deter­
minations, but‘the lean and fat were ground and mixed to supply 
tissue samples for the same proximate analysis as obtained in 
Trial I.
Specific gravity of the untrimmed right ham has been shown to 
be highly correlated with specific.gravity of the entire carcass, 
and correlations obtained between ham and chemical analyses were 
highly significant (Price ^t a].., 1957; Pearson et al.} 1956) . 
Therefore, specific gravity of the right untrimmed ham of all gilts 
sacrificed in Trial I and II was determined about 24-hours after 
slaughter. The chilled carcass was broken down into the primal 
pork cuts, and the right untrimmed ham was immediately processed 
for analysis. Right untrimmed ham,total air-weights and water 
displacement weights were recorded immediately. This provided 
data for calculating the specific gravity of the ham with the 
following formula:
Ham Specific Gravity =  :----Ham air weight------- ------Ham air weight - Ham water weight
In calculating specific gravity of the ham it was extremely
important that the temperature of the ham and the water in which
the ham was submerged be equal. The water containers in which the
hams were weighed were kept in the same cooler with the gilt
carcass so that water temperatures and right untrimmed ham
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temperatures were equal.
Gilt gains due to the products of conception were partitioned 
into litter weight and individual fetus weight, amniotio fluid 
weight, and empty reproductive tract weight. The reproductive 
criteria included total numbers of fetuses divided into those 
alive, dead or mummified.
RESULTS AND DISCUSSION I
It was shown by Mitchell (1931) that a constant level of feed 
with a specific ratio of energy to protein was not the most 
optimum ration for swine throughout gestation. Therefore, it 
would appear that specific requirements for protein and energy 
of gestating gilts should be determined based on changes in the 
level and ratio of these nutrients as pregnancy progresses.
Although this study was not designed to specifically study the 
effects of periodic changes in energy and protein as gestation 
progresses in the gilt, the data collected provide a basis for 
making recommendations for future experimentation.
The criteria generally used to estimate the value of a feed 
or to determine nutritive requirements of pregnant swine have 
included reproductive performance based on litter size and weight 
and sow weight gain or loss during pregnancy. Ration digestibility, 
nutrient utilization, and body composition during pregnancy have 
received only limited attention. It Is important that the 
criteria used to determine the nutrient requirements of pregnant 
swine Include not only reproductive performance data and gilt or 
sow body weight gain, but, also, nutrient digestibility and 
utilization as affected by the energy to protein ratio and 
environmental conditions. Sow condition from pregnancy to 
pregnancy and the carryover effect of gestation rations on
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mothering ability through succeeding lactations must be considered. 
Body weight gain of the dam should be measured in terms of 
reproductive gain and maternal gain with maternal gain being 
separated into lean and fat deposits.
DIGESTIBILITY
The primary objectives of the digestion trials with pregnant 
gilts were to determine if the digestion coefficients for energy 
and protein were affected by ration composition (energy to protein 
ratio), level of total daily feed intake and/or period of 
pregnancy (75 days and 105 days postcoitum) . Several major 
independent variables are known to influence the energy and 
protein digestion coefficients. Some of these independent 
variables include total daily feed intake, ration ingredient 
composition and the ingredient effect on rate of passage, protein 
quality, availability of energy and protein for digestion in the 
alimentary tract, fecal content of metabolic fecal nitrogen as 
related to intake and physical condition of the animal.
It is possible to measure directly the influence of some of 
the independent variables on absorption of specific nutrients 
from the alimentary tract to determine by difference the apparent 
digestion coefficients (between intake and output) on a dry matter 
basis. On the other* hand, it is possible that unknown influences 
on digestibility may exist in the alimentary tract and that these 
influences may be stimulated from an endogenous source. However, 
a direct measure of metabolic process Influence from an endogenous
source on digestion coefficients has not been determined, even 
if such an influence actually does exist. A relationship 
between nutrient function or physiological utilization and the 
digestion coefficients has not been established. Digestion 
coefficients are estimates of the quantity of nutrient removed 
from the alimentary tract and do not provide information on how 
or where that nutrient is used physiologically.
In this study, the independent variables that were analyzed 
for effects on the energy and protein digestion coefficients 
included: 1) season (fall-winter vs. spring-summer), 2) level of
energy intake, 3) level of protein intake, M-) period of pregnancy 
and 5) the various interactions between these independent 
variables. Analyses of the main effects alone could lead to 
erroneous conclusions if the various, associated interactions are 
not taken into consideration. For instance, season did not show 
an overall significant effect on the energy or protein digestion 
coefficient, but several interactions involving season, as well as 
some of the other interactions, did show significant effects on 
the digestion coefficients. Season x energy was highly significant 
for both energy and protein; season x protein was significant 
for energy level only; energy x protein was highly significant 
for energy level; protein x period of pregnancy was significant 
and several of the second order interactions were significant for 
energy and protein digestion coefficients. In statistical 
analyses of studies carried out over a period of time covering two 
or' more seasons of the year Involving nutrition, it is extremely
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important to consider the environmental effects for each climatic 
condition throughout the whole period involving all seasons.
The following discussion will include main effects in 
conjunction with interactions that justify obvious differences 
resulting from these interactions as measured by existing 
coefficients of digestion for energy and protein. Also, the 
discussion will include some conjecture regarding the effects 
of energy and protein metabolism on the digestibility of these 
nutrients. The author wishes to point out that the data presented 
in this study are not interpreted as a quantitative measure of 
proof of the postulations. The data and discussion that follow 
involving the analysis of digestion coefficients show that 
digestibility is definitely influenced by energy level, protein 
level, ration composition and the ratio of energy to protein in 
the feed consumed. The interaction of season with energy and 
protein also produced significant effects.
Seasonal Effects on Energy and Protein Digestion Coefficients
This digestibility study consisted of a completely randomized 
design with a split-plot arrangement, including a 2 x 3 x 2 
factorial arrangement of treatments as whole plots with 2 periods 
as split-plot for measuring the various effects on the. energy 
and protein digestibility. Table X and XI show analyses of 
variances for the energy and protein digestion coefficients.
Energy and protein digestion coefficients were determined so as
Table X 
Analysis of Variance 
Digestion Coefficients for 
Energy
Source DP SS MS F
Total 239 1921.87
A Season 1 3.83 3.83 <1
B Energy 2 111.73 55.87 6.11*
AB 2 194.82 97.41 10.65**
C Protein 1 12.56 12.56 1.37
BC 2 507.11 253.55 27.71**
AC 1 50.51 50.51 5.52*
ABC 2 38.12 19.06 2.08
Error (A) 12 109.84 9.15
D Period 1 ' 4.68 4.68 1.16
CD 1 5.08 5.08 1.25
BD 2 1.52 0.76 <1
BCD 2 7.74 3.87 <1
AD 1 0.76 0.76 <1
ACD 1 0.02 0.02 <1
ABD 2 42.99 21.50 5.31**
ABCD 2 4.54 2.27 <1
Error (B) 204 826.05 4.05
* Significant (P<. 05)
** Highly Significant (P<.01)
Table XI 
Analysis of Variance 
Digestion Coefficients for 
Protein
Source DF SS MS F
Total 239 4825.43
A Season 1 2.95 2.95 <1
B Energy 2 382.62 191.31 11.35**
AB 2 525.48 262.74 15.58**
C Protein 1 2377.62 2377.62 141.02**
BC 2 13.64 6.82 ■ <1
AC 1 28.70 28.70 1.70
ABC 2 242.51 121.25 7.19**
Error (A) 12 202.29 16.86
D Period 1 15.50 ■ 15.50 3.41
CD 1 28.43 28.43 6.25*
BD 2 4.31 2.16 <1
BCD 2 13.62 6.81 1.50
AD 1 11.18 11.18 2.46
ACD 1 0.47 0.47 <1
ABD 2 46.56 23.28 5.12**
ABCD . 2 1.09 0.55 <1
Error (B') 204 928.45 4.55
* Significant (Pc.05)
** Highly Significant (P<. 01)
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to measure seasonal effects (Trial I and Trial II; winter and 
summer, respectively) using 3 energy intake levels containing 2 
protein levels at 2 periods of gestation (75 days and 105 days 
postcoitum). Trial I began in mid-July and lasted through a 
42-day lactation period until the middle of January. Trial II 
began in February and ended in October. Feed and fecal samples 
for the digestion studies were collected in October and December 
for Trial I, and from different animals in May and July for Trial 
II. The mean temperatures for October, December, May and July 
were 65, 54, 75 and 82 degrees Fahrenheit, respectively.
No significant differences were shown for energy or protein 
digestion coefficients between winter and summer trials (Trial I 
vs. Trial II). The average digestion coefficient for energy in 
Trial I and II was 86.6 percent, while the average protein 
digestion coefficient for both trials was 85.3 percent. The 
average energy:protein ratio for the winter trial was 23.7 kcal. 
DE/gm. DP, and the average energy:protein ratio for the summer 
trial was 22.1 kcal. DE/gm. DP.
It would be erroneous to conclude from these data that there 
are absolutely no significant differences between energy require­
ments in the winter vs. the summer. Cold atmospheric temperatures 
beloxv 55° to 60o Farenheit reduce body temperature below normal 
and stimulates the body temperature control mechanism. Large 
areas in the anterior hypothalamus, including the pi'eoptic area 
and the anterior hypothalamic area, are concerned with regulation 
of body temperature. An inci'ease in temperature of the blood
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flowing through these areas increases their activity, while a 
decrease in temperature decreases their activity. In turn, these 
areas control the body mechanism for increasing or decreasing 
body temperature.
When the body temperature is reduced below normal, the 
temperature control mechanism is activated so heat is conserved 
and generated to elevate the body temperature. One such effect 
is an increased activity of the sympathetic nervous system with 
the release of norepinephrine and epinephrine from the adrenal 
glands; the.se hormones in turn increase the metabolic production 
of heat. Also, the thyroid gland is stimulated to increase its 
output of thyroxin, and this too increases heat production. 
Elevated atmospheric temperatures causes a reversal of these 
effects.
Although specific measures of this activity could not be 
taken for this study, a close observation and analyses of the 
digestion coefficient data involving season interaction indicate 
that energy and protein digestion coefficients reflect the 
effects of seasonal variations of atmospheric temperature.
In Trial I the environmental temperature went from moderately 
warm to cold, while in Trial II this atmospheric temperature 
reversed and went from moderately cool to hot. It Is assumed 
that no significant differences were obtained in the energy and 
protein digestion coefficients between winter and summer trials 
because of similarity of temperature ranges, even though the order
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of occurrence was reversed. Also, the ratio of energy to protein 
in rations of hoth trials was very similar so that ration 
influences between Trial I and Trial II were negligible. A larger 
number of independent observations on each treatment at each time 
period could probably more accurately measure seasonal influence 
on digestion coefficients.
Effect of Season x Energy Interaction on Energy and Protein 
Digestion Coefficients
The season x energy interaction was highly significant for 
both the energy and protein digestion coefficients. As the energy 
level increased in Trial I from low to medium intake, the digestion 
coefficient for energy decreased, but from the medium to high 
energy intake level, the energy digestion coefficient increased 
as shown in Table XII. In Trial II, this effect between low 
energy and medium energy reversed and as energy level increased 
the digestion coefficient for energy increased. Also, increasing 
intake from medium to high resulted in a further increase in the 
energy digestion coefficient. In Trial II the trend between low 
energy and medium energy reversed from Trial I and as energy 
level increased the digestion coefficient for energy increased 
only slightly but consistently from low to medium to high energy 
intake levels.
As the energy level increased in Trial I the digestion 
coefficient for protein decreased; but in Trial II, as energy 
level increased, the protein digestion coefficient increased.
The highly significant interaction between season and energy is
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Table XII 
Effect of Season x Energy 
Interaction on 




Trial I 87.5 86.0 86.7
Trial II 84.9 86.1 88.5
Protein Dig. Coeff
Trial I 88.1 86.1 81.5
Trial II 85.2 85.4 85.7
DE:DP Ratio1* 16.4 22.0 30.3
** Highly Significant (P<.01)
1. Low Energy Intake - 1.36 kg. feed/day - 4366 kcal. DE daily
2. Medium Energy Intake ~ 1.82 kg. feed/day - 5800 kcal. DE daily
3. High Energy Intake - 2.27 kg. feed/day - 7415 kcal. DE daily
4. Dig. kcal./gm. Dig. Protein
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because the differences in the digestion coefficients for energy 
and protein are not of the same direction and magnitude in Trial 
I as in Trial II; also, changes of digestion coefficients due to 
energy level are not the same between energy levels.
The data in Table XII indicate a difference in energy and 
protein digestion coefficients between seasons and energy levels.
A very high protein and energy digestibility was observed in the 
winter with low energy intake, while the lowest protein and energy 
digestibility was in the summer for the same ration. Medium 
energy intake digestion coefficients were grouped very close 
together. High energy intake digestion coefficient were highest 
in the summer with lower digestibility values in the winter than 
the low energy intake values. It is known that winter conditions 
require more body heat than summer temperatures; consequently, 
as atmospheric temperature decreases, the energy requirement 
increases. At low energy intake, protein was probably used to 
supply energy to maintain body temperature as indicated by the 
increasing protein digestion coefficient with decx’easing energy 
levels during the winter. In the summer this trend reversed, and 
protein digestion coefficient tended to increase slightly with 
increasing energy levels. This may not be a true increase; 
nevertheless, the protein digestion coefficient in the summer 
changes very little with increasing energy. It must be remembered
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that protein level of intake was the same in the winter as the 
summer for each energy level.
The data indicate a trend toward a reduced energy digestion 
coefficient in the winter at medium and high energy intake levels, 
even though energy requirement is greater at this season than in 
the summer. However, protein digestibility increased in the 
winter for the low and medium feed intake levels which (when 
reproductive performance and body composition are considered) 
indicates that protein was used to supply energy in the winter 
more so than in the summer. In the summer, when the energy 
requirement for maintaining body temperature is reduced, more 
energy from grain should have been available for protein 
metabolsim with the lower intake rations. Therefore, protein in 
these rations was probably more efficiently used in the summer 
trial. Reproductive performance and body composition data indicate 
that this may have actually happened. A significant increase 
in reproductive growth shown by a significant increase in pig weights 
as well as increased percent of ham protein in summer vs. winter 
suggest that a greater quantity of protein was synthesized in the 
summer from the same type and level of intake- The increased use 
of the protein as an energy source during winter could have 
placed added restrictions on the dam which could have influenced 
reproductive performance and body composition.
The energy to protein ratio in the medium intake ration for 
both levels of protein within the ration, averaged 22.M- kcal./gm. 
protein, and the season x energy interaction on digestion
coefficients for energy appeared to be a dividing line between the 
minimum requirements and excessive requirements. That Is* the 
low intake caused a wide and unsatisfactory spread in the 
digestion coefficients between winter and summer trials. 
Maintaining body temperature with energy source feeds from grain 
is more practical and efficient than with protein feeds. However, 
the high energy intake with a wide energy to protein ratio of 
32.1 kcal./gm., and above, may have exerted an influence on the 
digestion coefficients due to mass action effect. The wide 
energy to protein ratios also produce excessive fat deposition 
which will be discussed in the section on body composition.
Effect of Season x Protein Interaction on Energy and Protein 
Digestion Coefficients
There was a significant interaction of season and protein 
level on the digestion coefficient for energy, but this inter­
action did not significantly affect the protein digestion 
coefficients as shown in Table XIII. Table XIII shows that more 
energy was digested from the low protein ration during the winter. 
This protein may have been used to supply energy for body heat ( 
production because reproductive performance and body composition 
data indicate a decrease in reproductive growth and body protein 
composition in the winter. At the low protein level the protein 
digestion coefficients indicated a trend toward Increased 
digestion in the winter (Trial I) .
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Table XIII 
Effect of Season x Protein 
Interaction on 
Energy and Protein 
Digestion Coefficients
Energy Dig. Coeff .**
L. Prot. H. Prot.
Trial I 87.il- 86.0
Trial II 86.3 86.7
Protein Dig. Coeff.
Trial I 82. i* 88.0
Trial II 82.0 88.9
DE:DP Ratio 31.1 1M-.7
* Significant (P<.05)
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Effect of Season x Period of Pregnancy Interaction on Energy and 
Protein Digestion Coefficients
The season x period of pregnancy interaction did not show a 
significant effect on the energy or protein digestion coefficients. 
However, the data in Table XIV indicate a similar trend to that 
discussed previously. Although the analysis of variance did not 
show a significant seasonal effect on digestion coefficients, 
some of the interactions involving season do show specific 
effects on digestibility due to temperature changes. Likewise, 
period of pregnancy did not show a significant effect on digestion 
coefficients, but the effect on the protein digestion coefficient 
approached significance (P>. 05) and some of the interactions 
involving period of pregnancy were significant.
A failure of the statistical analysis to show significant 
period effects may be partially explained by the relatively 
small increase in energy and protein requirements due to 
reproductive growth and the small numbers of animals used in the 
study. Environmental effects, especially changes in temperature, 
could have blocked out period of pregnancy effects with the wide 
range of energy to protein ratios tested. As atmospheric temper­
ature decreased in the winter (Trial I) the energy requirement 
for maintaining body temperature could have overshadowed an 
Increase in requirement due to advancing pregnancy requirements.
On the other hand, in Trial II with Increasing atmospheric 
temperatures, maintenance requirements for energy may have 
decreased while reproductive growth requirements Increased.
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Table XIV
Effect of Season x. Period of Pregnancy 
Interaction on 
Energy and Protein 
Digestion Coefficients
Energy Dig. Coeff. DE:DP Ratio
75-days I 86.9 22.7
II 86.5 23.1
105-days I 86.5 22.7
II 86.M- 23.1
Protein Dig. Coeff.
75-days I 85.7 22.7
II 85.5 23.1
105-days I 8^.8 22.7
II 85. 23.1
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A reduction in the energy requirements due to increasing 
atmospheric temperature could have been counter-balanced by an 
increase in the requirement due to advancing pregnancy beyond the 
100th day postcoitum.
Effect of Season x Energy x Protein Interaction on Energy and 
Protein Digestion Coefficients
The season x energy x protein interaction was highly 
significant for the protein digestion coefficients but was not 
significant for the energy digestion coefficients. Table XV shows 
these digestion coefficients for energy and protein with the 
corresponding energy to protein ratios. The protein digestion 
coefficients increased in the winter vs. summer for low energy-low 
protein, medium energy-low protein and medium energy-high protein; 
but this trend reversed for rations providing low energy-high 
protein, high energy-low protein and high energy-high protein so 
that the protein digestion coefficients increased in the summer 
trial for these rations as shown in Table XV.
Increasing energy intake decreased the protein digestion 
coefficients in both winter and summer trials with rations 
containing high protein (HP), but the rations containing low 
protein (LP) showed an opposite effect between summer and winter 
with increasing energy levels. In winter as energy intake 
increased, the low protein rations show a decrease in protein 
digestion coefficients but in summer, as energy Intake Increased, 
the protein digestion coefficient increased. Increasing the 
protein level within an energy level caused an increase in protein
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Table-XV
Effect of Season x Energy x Protein 
Interaction on 
Energy and Protein 
Digestion Coefficients
Energy Dig. Coeff.
Energy level L M HProt. level LP HP LP HP LP HP
Winter 87.3 87..8 86.1 85.9 88.9 84..4
Summer 82.7 87..2 85. 4 86.7 90.6 86.3
Protein Dig. Coeff.**
Winter 86.7 89..5 83. 4 88.8 77.2 85..8
Summer 80.5 89,.8 82.2 88.6 83.1 88.4
DE :DP Ratio fkcal./gm.")
Winter 21.6 11.7 29.2 15.6 46.4 17,.9
Summer 21.6 10,.9 28.6 1M-.3 39.2 17..6
** Highly significant (P<. 01]
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digestion coefficients for each level of energy intake.
The seasonal effects within energy levels suggested that 
protein may have been used to supply maintenance requirements for 
body temperature control at the lower feed intake level during the 
winter. As energy intake increased, in the winter the decrease 
in protein digestion coefficients suggests a sparing action on 
protein digestion. It appears that the main energy source (corn) 
more adequately provided the energy needed to meet requirements 
during the summer so that smaller quantities of protein were 
digested. As energy level increased in summer, the protein digestion 
coefficient increased for low protein rations. On the other hand, 
high protein levels for each energy level showed a decrease in the 
protein digestion coefficient for each energy increase during the 
summer. It is not unreasonable to assume that the energy to 
protein ratio of the high protein rations providing narrow ratios 
of kcal./gm. of protein, influenced digestibility due to mass 
action effect. However, most of the difference in the protein 
digestion coefficients can be explained due to the ration 
formulation. When the quantity of protein was increased within an 
energy level, corn was replaced by soybean meal, and the protein 
in soybean meal is more highly digestible than protein in corn.
Table XV shows a relationship between the energy digestion 
coefficients and the protein digestion coefficients based on 
energy to protein ratio. Energy digestion coefficients for
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rations containing low protein (high energy:protein ratios) 
showed that the percent energy digested was greater than the 
percent protein digested, but rations containing high protein 
show the reverse with protein digestion coefficients exceeding 
the energy digestion coefficients. This is not surprising and 
is actually what would be expected when the digestible energy 
values for corn and soybean meal are considered for swine 
(corn = 4-012 kcal. DE/kg. DM; soybean oil meal, 50% protein, 
solvent extracted, toasted = 3748 kcal./kg. DM) . As soybean 
meal in the ration increases to replace corn, the protein 
digestion coefficient increased with a corresponding decrease 
in the energy digestion coefficient.
Effect of Season x Energy x Period of Pregnancy on Energy and 
Protein Digestion Coefficients
The season x energy x period of pregnancy interaction caused 
a highly significant effect on digestion coefficients for both 
energy and protein. In the winter tiral, the energy digestion 
coefficient decreased as energy intake increased at 75 days of 
pregnancy, but in the summer at this period of pregnancy the 
energy digestion coefficients increased as energy intake increased. 
At 75 days of pregnancy the energy digestion coefficients were 
larger in the winter for the low and medium daily intake levels 
while at the high intake level the energy digestion coefficients 
were larger in the summer.
At 105 days postcoitum, the energy digestion coefficients 
were larger in the summer than the winter for the high and medium
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intake levels, but the low level of intake showed an increase in 
the energy digested in the winter.
There was an overall trend for energy digestibility to 
decrease at 75 days and 105 days during the winter as intake 
increased, but this trend reversed in the summer where the data 
indicate a trend toward increased energy digestibility with 
increased energy intake. On the other hand, protein digestibility 
tended to decrease at 75 days and 105 days in the winter as 
daily intake increased, but during the summer trial the protein 
digestion coefficients were very close to an average of 85.5 
and did not follow any particular pattern or trend. However, 
at 75 days, protein digestibility was increased in the winter at 
low and medium energy intake, but this trend was reversed in the 
winter with high energy intake. At 105 days the protein digestion 
coefficient was larger in the winter than in the summer for the 
low energy intake but medium and high energy intake showed an 
increase in protein digestion in the summer.
It appears from the data in Table XVI that seasonal 
temperature in conjunction with intake and energy to protein 
ratio has more of an effect on digestion coefficients for energy 
and protein than period of pregnancy. It must be remembered that 
increases in energy and protein requirements due to reproductive
development and growth are very small in comparison to overall
requirement for maintenance and that these increases are
difficult to measure. Also, changes in energy and protein
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Table XVI
Effect of Season x Energy x Period of Pregnancy 
Interaction on 
Energy and Protein 
Digestion Coefficients
Energy Dig. Coeff.**
Energy Intake L M H
75 days I 87.9 86.6 86.2 winter
II 85.1 85.6 89.0 summer
105 days I 87.2 85.3 87.1 winter
II 84.8 86.5 87.9 summer
Protein Dig. Coeff.**
75 days I 88.3 87.4 81.5 winter
II 85.4 85.0 86.0 summer
105 days I 87.9 84.8 81.6 winter
II 85.0 85.8 85.4 summer
Energy:Protein Ratio
75 days I 16.6 22.2 32.1 winter
II 16.2 21.5 27.5 summer
105 days I 16.6 22.6 32.2 winter
II 16.4 21.5 29.0 summer
** Highly Significant (P<. 01)
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requirements due to reproductive growth have not been shown to 
have influence on digestion coefficients.
Effect of Energy Intake Level on Energy and Protein Digestion 
Coefficients
The effect of energy level on the digestion coefficients 
for energy and protein is shown in Table XVII.
Energy level, regulated by daily intake, significantly 
influenced the energy digestion coefficient, but showed a greater 
effect on the protein digestion coefficient. As the energy level 
or energy to protein ratio increased there was a highly 
significant decrease in the protein digestion coefficient as 
shown in Table XVII. On the other hand, as energy level or 
energy to protein ratio increased, the energy digestion coeffi­
cient showed an overall increase when going from the low and 
medium intake rations to the high intake ration. This shows 
that higher levels of energy intake, above 1.36 kg. and 1.82 kg. 
of feed per day up to 2.27 kg. feed per day, significantly 
increases the energy digestion coefficient. When the intake was 
increased from the low to the medium level, the digestion 
coefficient for protein and energy decreased slightly.
There was a highly significant and consistent decrease in 
the protein digestion coefficient as energy intake increased.
This shows that as the ratio of energy to protein in the diet 
increases, the digestion coefficient for protein decreases and
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** Highly significant (P<. 01)
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the energy digestion coefficient increases at high energy intake 
levels. Conversely, as the energy to protein ratio decreases 
from 30.3:1 to 21.9:1 there is a significant increase in the 
protein digestion coefficient. Another decrease in the energy to 
protein ratio down to 16.5:1 shows a slight increase in the 
energy digestion coefficient but still a significant increase 
in the protein digestion coefficient. This indicates that protein 
is being used to supply energy at the lower energy to protein 
ratios and that the increase in energy digestion coefficient due 
to the increased use of protein as energy source cannot be 
expected to supply digestible values equivalent to corn 
as a source of energy.
The imbalance of energy and protein associated with an 
imbalance of carbohydrate and protein sources in the ration 
provides a ration in which protein is inefficiently utilized 
when the carbohydrate source is relatively low. In other words, 
at marginal daily intake levels relative to maintenance and 
productive requirements the available energy from carbohydrate 
feed source is digested rapidly so that available energy in the 
alimentary tract from this source is depleted. Therefore, 
the protein feed source supplies amino acids that are deaminated 
and used for energy. This physiological process itself is a 
waste of energy because of the increase in heat loss due to the 
specific dynamic action of protein metabolism. Consequently,
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protein is not being used for the purpose it was intended, due 
to an original lack of energy in the feed through either reduced 
energy availability in the feed or reduced total daily feed intake. 
Likewise, if-the energy to protein ratio is narrow, the efficiency 
of the ration will be decreased even if the intake is increased.
It is important to realize that increases in digestion 
coefficients for individual nutrients do not always signify 
improved efficiency. Protein is supplied in the ration for body 
protein requirements associated with development and replenish­
ing, and the energy in the ration, at the most optimum levels, 
supplies the activating force needed for protein metabolism. The 
excess energy supplied and stored as fat in the body provides the 
dam with an endogenous source of energy, that can be used in 
periods of stress imposed by nutritional deficiencies.
Effect of Energy x Protein Interaction on Energy and Protein 
Digestion Coefficients
There was a highly significant interaction of energy level 
and protein level on the energy digestion coefficients. The 
protein digestion coefficients were not significantly affected 
by the energy x protein interaction. At low levels of protein 
intake, increasing the energy intake shows an increase in energy 
digestion coefficients in Table XVIII. At high protein intake 
levels, the energy digestion coefficient decreases as daily feed
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intake increases.
Increasing the protein intake increased the protein 
digestibility, but increasing daily intake decreased the protein
digestion coefficient. Increasing the protein intake increased 
the energy digestion coefficients of the low and medium feed 
intake rations but decreased the energy digestion coefficient of 
the high intake ration as shown in Table XVIII.
Table XVIII shows that the largest protein digestion 
coefficient occurred on the low energy intake ration, followed 
by the medium and then the high energy intake rations for both 
levels of protein intake. The protein digestion coefficient is 
a direct measure of apparent digestibility. The energy digestion 
coefficient is a measure of the gross energy intake vs. gross 
enei'gy output in the feces. The gross energy values in the feed 
and feces include the energy supplied by protein. The level of 
protein in the intake vs. the level in the feces as compared to 
high carbohydrate feeds could provide data that would be mis­
leading in interpreting the digestion coefficient results of a 
digestion trial. If the energy to protein ratio is out of 
proportion and energy level is low, protein must be used to 
supply energy for the system. When this takes place the efficiency 
of the process is reduced because of a release of energy in the 
form of heat to the system which increases the specific dynamic
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Table XVIII 
Effect of Energy and Protein 
Interaction on 




Low Prot. 85.0 85.7 89.8
High Prot. 87.5 86.3 85.4
Protein Dig. Coeff.
Low Prot. 83.6 82.8 80.1
High Prot. 89.7 88.7 87.1
DE:DP Ratio 16.5   22.0   30.3
** Highly significant (P<. 01)
90
action. This biochemical reaction is similar in its effects on 
the system to a poor quality protein where essential amino acids 
and/or quantity of available amino acids are limiting. Both of 
these imbalances (the energy to protein ratio and protein quality) 
increase specific dynamic action which causes loss of energy from 
the system. However, when this heat production is used to maintain 
body temperature, it cannot be classified as a total loss. The 
author wishes to emphasize that this line of reasoning is not 
intended to imply that metabolic processes influence digestion 
coefficients. However, efficiency of utilization must include 
more than observance of an increase in the digestion coefficient. 
Again, it must be remembered that increased ratios of corn in the 
ration may decrease protein digestibility.
Effect of Energy x Period of Pregnancy Interaction on Energy and 
Protein Digestion Coefficients
There were no significant effects on energy and protein 
digestion coefficients in this analysis due to the energy x period 
of pregnancy interaction (Table XIX). The energy digestion coeffi­
cients and the protein digestion coefficients show a slight but 
consistent trend toward an Increase at 75 days compared to 105 days. 
The low level of energy intake indicated a small but consistent 
trend toward an increase in the energy and protein digestion 
coefficients over the medium energy intake. When daily Intake 
was increased from medium to high energy, the energy digestion
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Table XIX
Effects of Energy x Period of Pregnancy 
Interaction on 
Energy and Protein 
Digestion Coefficients
Energy Dig. Coeff.
Energy Intake LE ME HE
75 days 86.5 86.1 87.6
105 days 86.0 85.9 87.5
Protein Dig. Coeff.
75 days 86.8 86.2 83.7
105 days 86.9- 85.3 83.5
DE:DP Ratio 16.5 21.9 30.3
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coefficients tended to increase with the increased intake, but 
the protein digestion coefficient tended to decrease.
Although there were no significant effects of the energy 
x period of pregnancy interaction on digestion coefficients, 
the trend for increases and decreases exhibits a pattern similar 
to that found throughout the data. .The environmental temperature 
apparently caused an increased requirement for energy during the 
winter, which, at low levels of intake, apparently produced an 
increase in protein digestion coefficients. The medium energy 
intake was considered to be marginal for meeting nutrient require­
ments for maintenance, growth and reproductive development, 
depending upon environmental influence in conjunction with energy 
and protein balance of the ration. High levels of daily intake 
more than adequately met energy requirements throughout gestation 
but may have had an adverse interfering effect due to mass action 
on protein digestion and subsequent protein systhesis in the body 
of the dam and/or fetuses. The results and discussion on body 
composition and reproductive performance will show the effects 
of level of intake and energy to protein ratio on these criteria.
Effect of Protein on Energy and Protein Digestion Coefficients
Table XX shows the effect of protein on energy and protein 
digestion coefficients and gives the overall average of digestible
energy (DE) to digestible protein (DP) in kcal. per gram of 
protein for the low (200 gm.) and high (400 gm.) protein ratios.
The data in Table XX indicate a slight decrease in the
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Table XX 
Effect of Protein on 
Energy and Protein 
Digestion Coefficients
Energy Protein** DE:DP
Dig. Coeff. Dig. Coeff. Ratio
L. Prot. 86.8 82.2 31.1
H. Prot. 86.4 88.5 14.7
** Highly significant (P<.01)
energy digestion coefficient when protein intake is increased 
from low to high, but this effect was not statistically signif­
icant. However, increasing protein intake resulted in a highly 
significant increase in the protein digestion coefficient. Since 
the protein source (soybean meal) has a higher digestible protein 
value than the protein in corn for swine, it is reasonable to 
expect an increase in protein digestion when corn is replaced with 
soybean meal. The protein digestion coefficients show this effect 
in Table XX.
It is logical to assume that an increase in nutrient 
digestion coefficients could be interpreted to mean that digestion 
and overall efficiency is improved. Increased digestibility is 
represented by increases in the nutrient digestion coefficient, 
but efficiency must be considered from the standpoint of how 
the nutrient was used in relationship to the purpose for which 
it was intended. Actually, an increase in the protein digestion 
coefficient means that more protein was absorbed from the 
alimentary tract. The important consideration is how the protein 
was used physiologcially. The physiological utilization of 
absorbed protein depends on two main factors: 1) an energy
to protein ratio conducive to facilitate function; that is, 
protein for tissue building and energy to supply the force 
required for tissue building; 2) amino acid balance and 
total quantity of amino acids available for protein synthesis
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of body tissue.
Effect of Protein x Period of Pregnancy Interaction on Energy and 
Protein Digestion Coefficients
Table XXI shows the results of the protein x period of 
pregnancy interaction on the energy and protein digestion coeffi­
cients. This interaction caused a significant effect on the 
protein digestion coefficients but did not significantly affect 
the energy digestion coefficients. Increasing daily protein 
intake increased the protein digestion coefficient. At low levels
of protein intake the digestion coefficient was increased at 75
*
days when compared to 105 days, while at 105 days the increase in 
the protein digestion coefficient favored the 105 day pregnancy 
period. The energy digestion coefficients tended to be larger 
at 75 days of pregnancy than at 105 days for rations containing 
low protein vs^ high protein but this effect was not significant. 
However, the trend of the energy digestion coefficient tends to 
follow the same pattern as previously discussed.
Period of pregnancy does not appear to influence the energy 
or protein digestion coefficients, but increasing the protein 
level significantly increases the protein digestion coefficients.
Effect of Period of Pregnancy on Energy and Protein Digestion 
Coefficients (75 days vs. 105 days' postcoitum-)
The data in Table XXII did not show any significant effects
on the energy or protein digestion coefficients due to period of
pregnancy.




Effect of Protein x Period of Pregnancy 
Interaction on 
Energy and Protein 
Digestion Coefficients
Energy Dig. Coeff.
Prot. Intake L. Prot. H. Prot.
75 days 87.1 86.4
105 days 86.6 86.4
Protein Dig. Coeff.*
75 days 82.8 88.4
105 days 81.6 88.6
DE:DP Ratio 31.2 14.7
’̂Significant interaction effect. (P<.05)
3®
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demands an increased utilization of nutrients, but this has not 
been shown by determining nutrient digestion coefficients at 
various stages of pregnancy. Ripple et al. (1965b) reported an 
increased..retention of amino acids but did not find any increases 
in digestion coefficients in the latter stage of pregnancy.
Increased amino acid retention in the final stage of 
pregnancy indicates an increase in protein synthesis when the 
digestion coefficient and/or feed intake remains the same as 
that in earlier stages of pregnancy. The increased amino acid 
retention indicates increased gorwth which accompanies increased 
fetal development in the latter stage of pregnancy when feed 
intake is held constant.
The energy and protein digestion coefficients shown in 
Table XXII were not significantly affected by period of pregnancy.
As pregnancy progressed the increase in nutrient requirement for 
fetal growth did not significantly change the digestion coeffi­
cients. An increase in nutrient requirements due to the develop­
ment of the products of conception have not been shown to cause 
an increase in digestion coefficients.
Table XXII summarizes the various effects on energy and 
protein digestion coefficients- The data in this Table show 
that environmental temperature influences digestibility 
when a reduced daily intake of 1.36 kg. is fed during the 
winter. The high digestion coefficients during the winter for
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Table XXII 
Effect of Period of Pregnancy 
on Energy and Protein 
Digestion Coefficients
Energy Protein DE:DP
Dig. Coeff.____ Dig. Coeff.______ Ratio
75 days 86.8 85.6 22.7
105 days_________________86 .5_____________ 85.1__________ 23 .1
No significant effects were shown.
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these rations show an improved efficiency in digestion- However, 
an increase in digestion does not necessarily mean an overall 
increase in total efficiency. Due to a lack of energy with these 
rations in the winter, protein was probably inefficiently used to
supply energy, and may have limited protein synthesis which could
have decreased reproductive performance and influenced body
composition of the dam.
Level of energy intake and level of protein intake signifi­
cantly influenced the digestion coefficients, but period of 
pregnancy did not show any significant effects on the energy 
and protein digestion coefficients.
It is important that interactions between season x energy x 
protein be thoroughly analyzed when interpreting the results of 
digestibility studies. The main effects alone will not provide 
adequate information to reach true conclusions.
Table XXIII Digestion Coefficients and D. Energy:D. Protein Ratio at 75-days and 105-days of 
Pregnancy
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75-days I 88.0 87.8 86.9 86.4 88.4 84.1
II 82.9 87.3 85.5 85.8 91.1 ' 86.9
105-days I 86.6 87.8 85.2 85.5 89.5 84.7
II 82.6 87.0 85.3 87.6 90.1 85.7
Protein Dig. Coeff.
75-days I 87.4 89.1 84.9 89.8 77.2 85.7
II 81.4 89.4 82.4 87.7 83.4 88.7
105-days I 85.9 89.9 81.9 87.7 77.1 85.9
II 79.7 90.3 82.1 89.5 82.8 88.1
Energy:Protein Ratio
75-days I 21.5 11.7 28.9 15.5 46.2 17.8
II 21.3 11.0 28.6 14.3 38.1 17.6
105-days I 21.7 li.6 29.4 15.7 46.5 17.9




The criteria used to measure reproductive performance 
included gilt weight gains, litter size and weight at farrowing 
(or slaughter at 75 days and 105 days) and litter size and weight 
at weaning. The evaluation of gilt weight gain was partitioned 
into maternal gain (gilt body weight gain due primarily to lean 
and fat deposition), and reproductive gain. Maternal gain was 
partitioned Into fat and lean deposition based on carcass data 
and right untrimmed ham weight and will be discussed in the 
following section on body composition. Reproductive gain was 
separated into litter weight, reproductive tract weight and the 
weight of the amniotic fluid.
The criteria at farrowing (or separation at slaughter) were 
statistically analyzed as a completely randomized design with a 
2 x 3 x 2 x 3 factorial arrangement of treatments. The independent 
variables in the factorial arrangement consisted of winter and 
summer seasons, three energy levels containing two protein levels 
each, at three time periods (75 days, 105 days and at farrowing). 
Data at weaning were analyzed as a completely randomized design 
with a 2 x 3 x 2 factorial arrangement consisting of winter and 
summer1 seasons and three energy levels. containing two protein 
levels each as the whole plot with the differences between 
farrowing and'weaning being a split plot. All reproductive 
performance data was tested by the least-squares analysis of
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variance. Table XXXV shows the statistical analysis with the 
corresponding F values for the criteria tested.
Table XXV shows the reproductive performance for each 
treatment at each time period. Total sow gain was not signifi­
cantly affected by season of the year, initial weight, or level 
of protein intake. A highly significant increase in total gain 
from 75 days to 105 days to farrowing was expected. Energy level 
showed a highly significant increase in total gain as energy 
level increased. The overall averages of gains for the low, 
medium and high energy levels were 32.4, 43.5 and 58.7 kg., 
respectively. There was a highly significant pregnancy period x 
energy interaction on total gain. There was a highly significant 
increase in total gain as energy level increased, but the rate of 
gain over energy level was influenced by time period. There was 
very little gain throu^iout pregnancy in gilts on the low energy 
level above the gain attained in the first 75 days of pregnancy, 
but gilts consuming feed at the medium energy level increased 
gain by 7.45 percent over those receiving low energy intake and 
the gilts receiving high energy increased total gain by 7.41 
percent over those receiving medium energy.
Reproductive gain followed a similar pattern to total gain. 
Increase in reproductive gain was highly significant due to 
period of pregnancy as expected. Energy level of intake increased 
reproductive gain significantly but protein level did not show a 
significant effect on reproductive gain. There was a significant 
season by energy interaction that follows a reciprocal pattern to
Table XXIV 
Least-Squares Analysis of Variance 
With F Values for Criteria Tested
Reproductive Performance_________________________
______________________________ F Values___________________________
Total Sow Reproductive Maternal Avg.
Source DF Gain Gain Gain Birth wt
Total 101
Season 1 2.2 3.0 9.8** 4.3*
Time Pd. 2 30.0** 22.1** 15.8** 137.1**
Energy 2 81.6** 3.8* 108.6** 0.8
Protein 1 2.5 1.2 6.7* 1.8
S x T 2 0.6 0.6 1.0 0.3
S x E 2 0.3 3.3* 0.9 0.2
S x P 1 1.1 2.0 5.5* '0.4
T x E 4 14. ,4** 4-.0** 6.6* -0.3
T x P 2 0.2 1.8 0.3 1.4
E x P 2 0.1 5.3** 2.6 2.4




1 - Initial gilt breeding weight was tested for effects as a covariable.
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this interaction on digestion coefficients. In winter, energy 
digestion coefficients increased over summer, but reproductive 
gains showed an increase in the summer, which was accelerated 
within each energy level for low protein intakes. There was also 
a highly significant interaction on reproductive gain due to 
period of pregnancy x energy level that followed the same 
pattern described for total gain. Increase In gain increased 
as pregnancy period progressed and as energy level was increased 
between ration treatments. Reproductive gain was the only vari­
able significantly influenced by the covariable initial weight.
It is possible that the Initial increased weight of gilts in 
Trial II in conjunction with reduced maintenance requirement for 
energy in Trial II (summer) influenced an increase in average pig 
birth weight of the summer pigs over the winter pig. The 
overall average weight of summer pigs at parturition was 0.96 
kg., which was significantly heavier than winter pigs at 0.82 kg.
A highly significant effect on maternal gains was produced 
by season, period of pregnancy and energy level, while level of 
protein intake produced a significant effect on gilt body weight 
gain. Season x protein interaction and time period of pregnancy 
x energy interaction, both caused a significant effect on maternal 
gain. Table XXVI is a summary of the partition of sow weight gains 
divided Into pregnancy period (75 days vs. 105 days vs. 114 days) 
and season (Trial I winter and Trial II summer). At the low level 
of intake, maternal gains were low but favored the winter season 
and the higher level of protein intake in the winter. At medi.um
Table XXV- Reproductive Performance 
Refer to Table I for Animals on each Treatment
LE ME HE
LP HP LP HP LP HP
DE/day (kcal) 4224 4-507 5664 5936 7602 7228
DP/day (gm.) 196 401 196 398 180 408
DE:DP Ratio 21.6 11.2 28.9 14.9 42.2 17.7
Gilt Total Gain (kg.)-------- ---- V O /
75 28.24 28.37 33.34 31.62 39 013 52.96
105 33.68 36.97 40.03 46.27 65.73 61.47
114 32.50 34.77 52.73 56.88 67.13 65.68
Reproductive Gain (kg.)
75 12.59 13.16 13.72 12.48 11.57 12.93
105 16.52 19.28 18.37 16.67 20.80 17.24
114 16.10 17.71 18.76 17.13 28.65 19.10
Maternal Gain Q<g.)
75 15.65 15.20 19.74 19.17 27.56 40.03
105 17.17 18.83 23.93 29.60 44.86 44.23
114 16.40 17.03 33.98 39.76 38.51 46.61
Litter Size Alive
75 10.0 10.5 10.3 9.8 9.3 10.3
105 9.9 10.0 9.3 7.8 9.5 10.5
114 8.6 9.6 8.9 9.8 7.9 10.0
Avg. Birth wt. (kg.)
75 0.35 0.34 0.37 0.34 0.37 0.34
105 0.94 0.91 1.10 1.13 1.12 0.97
114 1.40 1.14 1.27 1.26 1.45 1.28
No. Pigs Weaned/Litter 7.0 8.4 7.7 8.3 5.7 8.4




Partition of Sow Weight Gains (kg.)
Refer to Table I for Number of Animals Per Treatment
Energy Intake L M H
Protein Intake L H L H L H
■ Total Gilt Gain
75 days I 34 22 27 27 39 59
II 23 26 33 36 40 47
105 days I 39 41 42 54 67 62
II 41 43 43 46 65 56
114- days I 39 41 61 56 65 66
II 43 33 46 52 58 67
Reproductive Gain
75 days I 14 10 15 10 11 13
II 12 17 15 15 13 13
105 days I 16 14 19 16 17 17
II 20 23 18 17 25 20
114- days I 16 16 18 16 21 20
II 23 15 25 23 32 26
Maternal Gain
75 days I 20 12 12 17 28 46
II 11 9 18 21 27 34
105 days I 23 27 23 38 50 45
II 22 20 25 28 43 37
114 days I 24 25 43 40 45 46
II 20 18 21 29 26 41
O
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intake maternal gains increased with pregnancy period as expected 
but favored the summer at low levels of intake, and the winter at 
high levels of protein intake. Increasing protein intake 
favored summer gains at 75 days but reversed at 105 days and term 
in favor of winter gains. Once again, the energy to protein ratio 
in conjunction with season is more influential on energy and 
protein utilization than period of pregnancy because of overall 
effects and the relatively short period that reproductive gain 
imposes greater demand for energy and protein. This is evident 
in that progney weight was significantly increased (0.96 vs.
0.82 kg.) in the summer us. winter feeding of pregnant gilt with 
virtually the same diets at each season.
There were no significant effects on litter size alive or 
total, or average birth weight or litter weight. However, it is 
interesting to note in Table XXV that litter size decreased as 
period of pregnancy increased, and this was about the same for 
each intake level. Also,- there was a consistent increase in 
litter size, although not significant, for increased protein 
intake within each energy intake level. When total pigs were 
considered at weaning, there was a significant increase in 
average weaning weight and number of pigs weaned due to increased 
protein in the ration. However, in a separate statistical 
analysis, when litter size«uas held constant there were no signifi­
cant effects, but increased protdln intake caused litter size and 
weight at weaning to approach significance at F>.05 level.
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BODY COMPOSITION
The body composition data included a partitioning of body 
weight gains into lean and fat deposition based on the right ; 
untrimmed ham composition and weight. Pearson jet al. (1956) 
showed that the right untrimmed ham weight could be used to 
determine the specific gravity from which calculated values for 
fat and lean could be obtained with a high correlation to carcass 
composition as determined by chemical analysis.
The right ham provided meat samples for chemical analyses 
with the skin and bone removed to compare ration effects on lean 
and fat depositions in the body of the dam. Also, certain carcass 
traits were measured and analyzed to substantiate estimate of 
lean and fat content in the body.
The experimental design was a completely randomized design 
with a 2 x 3 x 2 x 2  factorial arrangement of treatments including 
two seasons, three energy levels containing two levels of protein 
each at two periods of pregnancy. Table XXVII shows the least 
squares analyses of variance for body composition and carcass 
characteristics with the statistical F values.
The chilled carcass weight analysis was deleted from the 
statistical plot in Table XXVII showing F values, because this
a  v  • d
dependent variable followed a similar,,pattern to maternal gain. 




Least-Squares Analysis of Variance 
Body Composition and Carcass Characteristics
F Values
c %Lean Backfat Ham % % Specific
Source r------ DF Cuts Thickness Wt. Protein Ether Ext. Gravity
Total 42 _  — _  _ _ _
Season 1 0.04 16.3** 1.6 5.7* 5.0* 22.1**
Time 1 4.7* 1.62 2.4 1.3 1.1 4.5*
Energy 2 6.9** 6.4** 8.9** 0.1 g ,q** 2.9
Protein 1 3.0 0.7 2.8 0.6 8.9** 5.0*
• S x T 1 0.1 0.1 0.06 1.7 3.0 . 0.5
S x E 2 0.3 0.1 0.23 2.1 5.5**. 0.1
S x P 1 0.3 1.0 0.08 0.01 0.2 0.2
i T x E 2 0.8 0.002 1.24 0.9 0.6 0.7
’• T x P 1 0.1 2.5 0.25 1.3 0.9 1.4





5.2* 18.1** 53.47** 1.3 6.9* 17.3**
[
^Significant (Pc.05)
**Highly significant (P<. 01)





of pregnancy and. energy level as itfell as initial weight of the dam. 
Table XXVIII shows that as energy level increased with increasing 
time of pregnancy, the gilt weight gain in carcass weight was 
highly significant. Heavier gilts in Trial II (summer) gained 
at a highly significant increased rate to produce highly signifi­
cant increases in carcass weight, especially at 105 days of 
pregnancy.
There was a highly significant effect of season, energy level 
and initial breeding weight on backfat thickness of gilts at 75 
days and 105 days. Overall, as energy level increased, backfat 
thickness increased, and backfat was greater in the winter trial 
vs. summer trial. Table XXIX summarizes the body composition for 
selected carcass traits. A highly significant increase in ham 
weight was caused by increasing energy intake but protein intake 
level did not affect ham weight. However, incr'easing protein 
intake on the low and medium intake ration tended to increase 
ham weight. Percent protein in the ham was not significantly 
affected by level of energy or protein intake, but season caused 
a significant effect. Generally, percent protein in the ham was 
reduced in the winter at 105 days for pigs fed low and medium 
energy intakes (Table XXX) .
Table XXX is a summary of the ham components measured. The 
percent fat in the ham showed a highly significant effect due to 
energy level, protein level and season by energy interaction.
Also, season x energy x protein Interaction and initial breeding 
weight of the gilt caused a significant effect on percent fat in
Table XXVTII Carcass Characteristics and Body Composition 




























































Body Composition Summary 
of Carcass Traits
LELP LEHP MELP ■ ME1IP HELP HEHP 
1 2 3 4 5 6
Chilled Carcass Wt. peg.)
75 days I 114 103 102 90 103 120
II 114 123 124 117 126 136
114 113 113 104 115 128
105 days I 101 113 96 112 125 128
II 107 98 120 126 136 133
104 106 108 119 131 131
75 days I 52 54
II 51 54
52 54




53 57 52 54
52 54 52 51
53 56 52 53
S4 55 49 50
47 52 48 54
51 54 49 52
Right Untrimmed Ham Weight fkg.1
75 days I 13 12
II 13 15
13 14
105 days I 12 14
II 13 12
13 13
13 11 12 14
IS 14 14 15
14 13 13 15
11 13 14 14
13 14 15 15
12 14 15 -15
Backfat (cm.')
75 days I 3.2 3.6 3.6 3.2 4.0 2.7
II 2.6 3.8 3.1 3.2 3.1 2.9
2.9 3.7 3.4 3.2 3.6 3.3
105 days I 3.5 3.3 2.9 3.4 3.9 4.1
II 2.6 2.3 3.2 3.3 4.0 3.0
3.1 2.8 3.1 3.4 4.0 3.6
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Table XXX 
Body Composition Summary as Related 
to Ham Composition
LELP LEHP MELP MEHP HELP HEHP
1 2 3 5 6
Specific Gravity
75 days I 1.0582 1.0523 1.0507 1.0592 1.0545 1.0552
II 1.0601 1.0591 1.0577 1.0639 1.0557 1.0539
1.0591 1.0557 1.054-2 1.0615 1.0551 1.054-5
105 days I 1.0551 1.0530 1.0515 1.0545 1.0478 1.0528
II 1.0650 1.0672 1.0498 1.0616 1.0485 1.0630
1.0600 1.0601 1.0506 1.0580 1.0481 1.0579
% Moisture
7 5 days I 55.6 56.0 54.8 59.1 55.2 57.0
II 58.1 57.1 54.1 60.2 50.8 54.2
56.9 56.6 54.4 59.7 53.0 55.6
105 days I 56.6 58.2 57.3 57.8 50.1 53.6
II 60.8 62.3 51.1 55.3 52.7 58.6
58.7 60.3 54.2 56.6 51.4 56.1
% Fat
75 days I 28.2 26.2 28.4 22.6 27.0 25.9
II 23.8 26.7 28.8 22.2 33.5 28.9
26.0 26.5 28.6 22.4 30.3 27.4
105 days I 27.6 25.1 26.2 24.8 34.3 30.4
II 20.1 18.3 33 .5 28.5 32.7 23.1
23.9 21.7 29.9 26.7 33.5 26.8
% Protein
75 days I 7.4 8.9 8.6 8.9 9.1 8.4
II 9.1 7.8 9.3 8.6 8.2 8.9
8.3 8.4 9.0 8.8 8.7 8.7
105 days I 7.1 7.4 7.3 8.4 8.1 7.7
II 10.5 10.8 8.2 8.2 7.1 8.5
8.8 9.1 7.8 8.3 7.6 8.1
the ham. Increasing energy caused a highly significant increase 
in percent fat in the ham. Protein caused a highly significant 
decrease in percent fat in the ham as protein intake increased.
The season x energy interaction is further evidence that protein 
was used for energy in the winter with low energy intake. How­
ever, as energy intake increased,the percent fat in the ham 
increased more in the summer at 75 days but reversed so that fat 
in the ham increased in the winter at 105 days.
Season showed a highly significant effect on specific gravity 
measures. Specific gravity was generally increased at low, medium 
and high intake levels during the summer. Period of pregnancy 
caused a significant increase in specific gravity at low to 
medium intake levels from 75 days to 105 days but at medium to 
high intake levels the specific gravity of hams tested decreased 
overall. Increase In protein tended to increase the specific 
gravity of the ham. Increased specific gravity of the ham In­
dicates I'educed fat or higher percent lean, while reduced specific 
gravity values indicate fatter ham.
SUMMARY AND CONCLUSIONS
In winter and summer feeding and digestion trials, 124- 
crossbred gilts were randomly allotted to six rations to study 
the energy and protein requirements of pregnant gilts. Trial I 
is referred to as the winter trial. Breeding in Trial I began 
in mid-July and the trial was completed in mid-January when the 
last pigs to farrow were weaned. Digestion studies in Trial I 
consisted of a 10-day preliminary period and 5-day collection 
period in October and December. Trial II Is referred to as the 
summer trial. Breeding began in February and was completed 
similar to Trial I after all pigs had a 42-day suckling period, 
in September. Digestion studies in Trial II consisted of a 10- 
day preliminary period and a 5-day collection period in May and 
July. The climatic temperature in Trial I during the breeding 
period ranged from hot to cold with digestibility data collected 
in the cool to cold seasons. Trial II had a climatic temperature 
range from cold to hot with digestibility data collected in the 
warm to hot seasons. "Grab” sampling, once a day at the A.M. 
feeding was used for collecting feces with chromic oxide 
indicator for calculating digestion coefficients.
All crossbred gilts were from the same type of Duroc x
u _
Hampshire x Yorkshire 3-breed, rotating, reciprocah>jcrossbred,o o
giits in both trials. $s gilts came into heat, they were bred
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and assigned to gilt groups. The gilt groups were randomly 
assigned to treatments and all boars had at least one gilt on 
each treatment.
Test rations were based on corn-soybean meal fortified with 
minerals and vitamins. The minerals and vitamins were fed so 
each gilt on each intake level received the same amount based on 
daily intake. Energy intake was controlled by daily intake with 
two protein levels for each intake group. Low, medium, high 
energy intake rations were fed and consisted of 505D, 6700 and 
8500 kcal. of gross energy intake per day. Protein intake for 
each energy intake was 233 gm. and M-55 gm. crude protein daily.
This level of protein for each energy level provided rations 
containing 9, 11, 15, 18, 22, and 30 percent calculated crude 
protein. The rations actually contained crude protein in 
percentage of the ration at slightly higher levels than were 
calculated. From the indications in the proximate analyses data 
of the feed, it is suspected that the soybean oil meal (50% 
solvent extracted) contained protein at a slightly higher level 
than was used in formulating the rations. The energy:protein 
ratios corresponding with the percent protein in the ration were 
22, 11, 29, 15, M-2 and 18 kcal. digestible energy per gram of 
digestible protein.
The criteria used to evaluate the energy and protein require- 
merits 'of-gravid gilts included energy and protein digestion coeffi-
*  ^  J * ''s'-dents; repi'oductive performance, including litter size and birth
weights at farrowing and weaning as well as sow body weight and
©
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reproductive weight gains; and sow body composition and carcass 
characteris tics.
The data in the digestion trial were statistically analyzed 
as a completely randomized design with a split-plot arrangement of 
treatments containing a 2 x 3 x 2 factorial arrangement of treat­
ments as the main plot. There were two seasons, during which 
daily intake consisted of three energy levels containing too 
protein levels each with two periods of pregnancy at 75 days and 
105 days being the split-plot. Reproductive performance data was' 
analyzed as a completely randomized design with a 2 x 3 x 2 x 3  
factorial arrangement of treatments. Body composition data were 
analyzed as a completely randomized design with a 2 x 3 x 2 x 2  
factorial arrangement of treatments and the data analyzed by the 
least-squares analyses of variance technique for unequal subclass 
numbers. Weaning traits were tested in a completely randomized 
design with a 2 x 3 x 2 factorial arrangement of treatments as the 
main plot with the difference between farrowing and weaning being 
the split-plot. The data were tested by the least-squares analyses 
of variance technique for unequal subclass numbers.
Two gilts on each ration for each trial were randomly 
selected at 75 days and 105 days to determine ration digestibility. 
Itoo more gilts on each ration for each" trial were randomly _ 
selected to sacrifice at 75 days and 105 days' to provide repro­
ductive performance and body composition data.
The digestion trial produced digestion coefficients that were 
tested for seasonal differences, effect of energy level, protein
118
level and for differences at 75 days postcoitum vs. 105 days 
postcoitum. Season did not have any significant effect on energy 
and protein digestion coefficients, but interaction of season 
with energy level was significant- Season x protein was signif- 
icant for protein digestion only.
During the winter on low energy intake, the digestion 
coefficients for energy and protein were higher than in summer. 
Besides the recognized influence of ration composition on 
digestibility, the following theoretical influence could exist.
A decrease in the atmospheric temperature stimulates the temperature 
control mechanism of the body. This system works through action 
of the hypothalamus at the base of the diencephalon which contains 
the vital autonomic nervous centers and fiber tracts. This 
stimulus causes the release or secretion of epinephrine and nor- 
epinehprine at the cites of cellular activity which increases 
metabolism and increases heat output. An increase in thyroxin 
due to the effects of cold stimulus also increases body heat 
generation. In the summer the mechanism works in reverse to 
dissipate body heat and therefore reduce energy requirement for 
body heat.
If the diet contains a sufficient source of available energy 
from an energy feed such as grain, the efficiency of utilization 
is not affected adversely- However, when energy from carbohy­
drate source is low, the other available sources such as protein 
or lipids are used to provide the carbon chains needed for 
oxidative processes that supply energy to the system in the form
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of heat. This heat is lost from the system for physiological 
purposes and if the source of carbon chains is protein, the 
energy requirement is further increased due to the inefficiency 
of the hydrolysis and deamination process, thus specific dynamic
^  e - n
action is vastly-increased. If energy level is low, protein will
rt n
e " be used primarily to supply the energy required by the system and 
then if protein and carbohydrate ai'e low, fat will be used as 
energy source. High levels of protein force the system to 
absrob and use amino acids due to a mass action" effect of the 
nutrient and cause an Imbalance which will reduce protein 
absorption and subsequent utilization.
There were no significant differences in reproductive 
performance due to treatment. However, It is interesting to 
note that litter size decreased consistently throughout gestation 
and,the higher protein rations, primarily during the summer 
season, showed slightly higher values for litter size and weight 
at farrowing and weaning.
The major significant effect of treatments on body composition 
caused a highly significant increase in body weight due to energy 
and deposition of body fat in the gilt. Protein in the summer 
significantly increased reproductive gain which resulted in 
significantly heavier pigs in summer vs. winter (.96 vs. .82 kg.) . 
Protein level did not significantly affect body composition of the 
gilts.
The experiment produced data that showed that 1.36 kg. daily 
feed Intake will not meet energy and protein requirements for
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pregnant gilts during winter or summer in the Baton Rouge, Louisiana, 
area. When fed throughout gestation, however, 2.27 kg. of feed 
daily over-feeds the pregnant gilt and produces excess body fat 
without improving reproductive performance. As a matter of fact, 
reproductive performance from farrowing to weaning is affected 
adversely due to reduction of mothering ability. Litter size 
and individual pig weight have been shown to be significantly 
reduced at weaning with fat sows vs. lean sows in sound condition.
Medium intake level (1.82 kg. feed/day) with low protein 
level was marginal for meeting requirements in the summer and 
with increased energy requirement in the winter, it was 
considered below minimum energy requirement which indirectly 
restricted protein utilization. The medium intake with high 
protein was inefficient in the winter due to indications that 
protein was used to supply energy to the system. In the summer, 
the energy:protein ratio of the medium intake, high protein ration 
did not significantly influence reproductive performance, but the 
reproductive performance was slightly improved and the body 
condition of the gilt was not excessively fat; therefore, this 
ration, with about 15 kcal. DE/gm. DP was considered to be at 
least approaching the optimum level of energy:protein for this 
season of the year.
Winter diets for pregnant gilts should provide approximately 
6000 kcal. of digestible energy daily, while summer diets should 
be reduced- in energy and provide approximately 5000 kcal.' of 
digestible energy daily. Protein in both winter and summer1, from
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a source equivalent to or-better than soybean meal, should range 
from about 250 gm. digestible protein daily at the beginning of 
pregnancy to about 380 gm. digestible protein daily at farrowing.
More research is needed to more accurately determine protein 
and energy requirements for gravid swine, but these recommended 
levels should meet maintenance and growth requirements of the 
gravid gilt, and at the same time, provide energy and protein at 
levels sufficient to meet the demands of the developing embryo 
and growing fetus for normal reproductive performance. However, 
more nutrition research is needed to determine amino acid balance 
and protein quality, especially at and just after conception and 
parturition for the developing embryo and growing fetus.
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